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SUMMARY

Waste from Hanford underground storage tank 241-AN-107 is a candidate low-activity waste (LAW)
for Envelope C. Envelope C wastes require pretreatment to remove radioactive Sr and TRU (along
with cesium and technetium) before immobilization. The baseline pretreatment process planned for
Sr/TRU removal was precipitation with added strontium and iron. However, studies have shown that
the Sr/Fe precipitates were very difficult to filter. An alternative treatment being evaluated uses
permanganate instead of iron. Permanganate treatment has been shown to be effective for
decontaminating waste from Hanford Tank SY-101.

Battelle conducted small-scale experiments with archived AN-107 waste over a period of about three
months to determine the effectiveness of the permanganate treatment process. These tests showed
that permanganate treatment alone would provide adequate TRU removal, however, permanganate
alone would not provide adequate Sr removal. The preferred St/TRU removal process involved
addition of strontium and permanganate. Test conditions that provided adequate St/TRU
decontamination were identified. These test conditions were further evaluated with a 1-L batch of
archived AN-107, which provided a large enough volume of waste to conduct crossflow filtration
studies. These tests showed that St/TRU removal could be accomplished by addition of a strontium
solution followed by permanganate solution. The resulting precipitate could be removed effectively
by crossflow filtration.

The original target sodium concentration for AN-107 diluted feed was 7.7M. The waste was further
diluted and additional caustic added before St/TRU precipitation. The target concentrations for the
treated waste were 6.0M sodium, 1.0M free hydroxide, 0.075M strontium, and 0.05M permanganate.
Approximately 1.4-L of AN-107 diluted feed were treated. Decontamination of strontium-90 and
TRU (Am-241) in the supernatant was greater than needed to meet the immobilized low-activity
waste (ILAW) requirements (less than 100 nCi/g TRU and less than 20 Ci/m’ Sr-90 in the final
ILAW). The stronium-90 decontamination factor (DF) was consistently greater than 50 and the
Am-241 DF greater than 25. The target DFs were 10 for Sr-90 and 5 for Am-241. These DFs include
the contribution from the removal of the entrained solids although this was relatively small. The
removal of the entrained solids accounted for about 8% of the DF for Sr-90 and about 17% of the DF
for the alpha emitters.

Crossflow filtration tests with archived AN-107 showed that the entrained solids could not be readily
removed from AN-107 waste prior to St/TRU treatment. However, the filterability, as determined by
filter flux rate, increased by an order of magnitude after the treatment process. For AN-107 diluted
feed, crossflow filtration tests were conducted in the Cell Unit Filter (CUF) system with the Sr/TRU
precipitated waste only. Results showed that the treated waste could be effectively filtered by
crossflow filtration. A parametric study was conducted with relatively low, 1.9 wt%, initial solids
loading of the treated waste. At target transmembrane pressure (TMP) of 50 psi and crossflow
velocity of 12.2ft/sec, the average flux rate was 0.03 gpm/ft’ or 1.75 m*/m*/day and the permeability
was 0.53 m/day/bar. The treated waste slurry was dewatered in the CUF to approximately 4 wt%.
Additional dewatering in the CUF was not possible because the minimum operating volume of the
CUF was reached. Solids’ washing was not conducted in the CUF because of the low solid loading in
the dewatered slurry. Additional filtration tests will need to be conducted to determine maximum
solids loading.
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TERMS AND ABBREVIATIONS

AEA alpha energy analysis

BNFL BNFL, Inc; subsidiary of British Nuclear Fuels, Ltd.

DF decontamination factor

DI water deionized water

EQL estimated quantitation level

GEA gamma energy analysis

ICP inductively coupled plasma/atomic emission
spectrometry

MDL method detection limit

MRQ minimum reportable quantity

RPD relative percent difference

SAL Shielded Analytical Laboratory
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1.0 INTRODUCTION

BNFL Inc. was awarded the Privatization Contract for treatment of Hanford underground storage tank
wastes as part of the River Protection Project-Waste Treatment Plant (RPP-WTP). In Part B-1,
Battelle is conducting technology development and demonstration of process flowsheet steps. Three
candidate low-activity waste types have been identified, Envelope A, Envelope B and Envelope C.
Treatment and disposal of the liquid (supernatant) fraction of Envelope C wastes, such as tank 241-
AN-107, requires that transuranics (TRU) and radioactive strontium be removed. Because of the high
concentration of organic complexants in this waste (Complexant Concentrate waste), conventional
separation processes (e.g., ion exchange) are not effective.

During Part A-1 of privatization, Savannah River Technology Center (SRTC) developed a St/TRU
removal process which involved isotopic dilution and precipitation with added strontium and iron
(SRTC 1997a-d). While this treatment process provided the necessary supernatant decontamination,
the resulting precipitate could not be filtered. The search began for an alternate treatment process.
Battelle proposed permanganate be examined as an alternative, because it had been demonstrated to
work with waste from Hanford tank SY-101, which also contained high levels of organic complexants
(Orth et al. 1995).

Permanganate has been examined as an oxidant (decomplexing waste (Orth et al. 1995), solubilizing
chromium (Rapko et al. 1995, Rapko 1998), and oxidation of technetium species to pertechnetate
(Schroeder)) for treating tank wastes. Permanganate was found to oxidize chromium first, then
organic carbon, and lastly nitrite. For wastes such as Tank SY-101, the chromium in the sludge
consumes as much as half the permanganate. Orth et al. recommended permanganate doses of 0.1M
for decomplexing SY-101 type wastes. At this level of permanganate, decontamination factors (DF)
of > 143 were obtained for Sr and 28.5 for Pu. AN-107 does not have the high chromium values in
the sludge so permanganate is expected to be effective at lower concentrations.

Permanganate is also used as a precursor to MnO, and/or Mn(OH), coprecipitants via the “Method of
Appearing Reagents” (Krot et al. 1996). The method of appearing reagents requires the addition of a
reductant to the waste to be treated. However, for Hanford wastes this is not necessary because
reductants are already present in the waste. The resulting solids are effective coprecipitants for Pu
and other TRU elements but generally not as effective as iron precipitates. Decontamination factors
of greater 100 have been reported for various simulated waste streams.

The treatment scheme for St/TRU removal was developed from tests conducted at Battelle with waste
simulants and actual waste (Hallen et al. 2000a). The final test conditions were defined by BNFL in a
Test Specification (Townson 1999) document based on previous results. This test specification was
used to prepare a general test plan for St/TRU removal tests. A test instruction was prepared which
detailed the specifics for conducting this test with AN-107 diluted feed. The test instruction was used
to record the specific details of the test, and is attached in Appendix A.

The proposed pretreatment flowsheet shows entrained solids are removed from the double-shell tank
wastes. The entrained solids may be returned to BNFL as HLW for vitrification or as LAW for
pretreatment depending on composition. Battelle used a Cell Unit Filtration System (CUF) equipped
with a 0.1-um filter element (Brooks et al. 1999) to conduct filtration tests with an archived AN-107
waste sample. These tests demonstrated that the entrained solids present in this waste could not easily
be removed by crossflow filtration (Hallen et al. 2000b). For entrained solids removal, the initial flux
dropped in less than a minute to 0.023 gpm/ft* and within 5 minutes had dropped to 0.0074 gpm/ft* at
55-psid transmembrane pressure (TMP) and 12.2 ft/s crossflow velocity. To prevent further
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plugging of the filter, no further testing was conducted at this condition. An attempt was made to
collect sufficient filtrate to backpulse (clean) the filter. Only a small quantity of material could be
collected in the backpulse chamber and two short backpulses were performed. A second condition
was then tested at 70 psi and 9.3 ft/s. In this case, after 1 min the filtrate flux was 0.0079 gpm/ft’.
Testing was stopped at this point and entrained solids removal was determined to be not feasible for
AN-107 waste.

The waste was drained from the CUF and St/TRU precipitation conducted on the waste with the
entrained solids present. Approximately 75 mL of 1 M Sr(NOs), and 50 mL of 1M NaMnO, were
added to 882 mL of the caustic adjusted (1M) waste drained from the CUF. The precipitated waste
was digested at 50°C for 4 hours. The resulting slurry was cooled and transferred back to the CUF
and filtration tests conducted. Figure 1.1 shows filtrate flux data for entrained solids removal and
St/TRU precipitate removal from archived AN-107 at 55 psi TMP and 12.2 ft/s crossflow velocity.
The filtrate flux was an order of magnitude higher for the treated waste, 0.11 gpm/ft* averaged over
the hour of testing.

0.5

0.4 K
“‘E —®—Entrained Solids
£
g 037 —®-0.05M NaMnO4 + 0.075M Sr(NO3)2
X
3
(19
Q
E 0.2
E
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Run Time (minutes)

Figure 1.1. Comparison the Filtrate Flux for Entrained Solids Removal and St/TRU Precipitated
Archived AN-107 Waste at 55 psi TMP and 12.2 ft/s Crossflow Velocity
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Entrained solids removal from AN-107 diluted feed is expected to be even more difficult than from
the archived waste. The archived waste was more dilute, suspended solids had been removed by
settling, and the waste had been run through a cesium ion exchange column (Hendrickson 1997).
Since the St/TRU precipitated waste with entrained solids are filterable and the entrained solids alone
are not, the two filtration steps were combined. Furthermore, analysis of the entrained solids in the
AN-107 diluted feed showed that they would be classified as HLW similar to the St/TRU precipitate
and thus need not be sent back to the DOE for HLW storage prior to vitrification.

This report contains the results of St/TRU removal testing conducted at Battelle with AN-107 diluted
feed. Test conditions and experimental procedures are described in Section 2.0. Results from waste
treated with added Sr and permanganate are described in regards to St/TRU decontamination,
chemical composition, solids removal, and physical and rheological properties of the waste in

Section 3.0. The major conclusion and recommendations that evolved from this work are given in
Section 4.0. The appendices contain the test instruction, data sheets, logbook entries, analytical data,
rheograms, calculation, and staff role/responsibilities for this work.
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2.0 TEST CONDITIONS AND EXPERIMENTAL
PROCEDURES

The conditions for conducting the St/TRU removal tests were detailed in Str/TRU Precipitation and
Ultrafiltration Test Specification (Townson 1999) issued by BNFL. The Test Specification was used
to prepare a Test Plan (TP 29953-013) that described the general requirements for the St/TRU
removal tests to be conducted at Battelle. The actual test was conducted in accordance with Test
Instruction-29953-052, which was specific to the St/TRU Removal test described in this report for
AN-107 diluted feed. No deviations from the test instruction were necessary.

2.1 Description of Diluted Feed

A total of 17 samples from Tank AN-107 were received from Hanford’s 222-S Laboratory between
September 14 and 25, 1998. These samples were then composited and homogenized in a 4-L, glass
kettle. The homogenized waste was sampled and characterized to represent the waste, as it exists in
Tank AN-107 (Urie et al. 1999a). The composite waste was diluted to represent process flowsheet
conditions, i.e., diluted feed. The diluted feed target sodium concentration was 7.7 M and the free
hydroxide was 1.1 M. These compositing and dilution activities were conducted under Test Plan
29953-1.

The amount of sodium in the AN-107 diluted feed sample from the original, as-received waste is
needed to determine the waste loading in the ILAW. The sodium concentration in the as-received
AN-107 was 9.26M. The as-received waste (1.57-L) was combined with 0.16-L of decanted
supernatant (9.0M Na) to give 1.73-L of waste with a sodium concentration of 9.2M. The diluted
feed was prepared by adding 0.13-L of 19M NaOH and 0.44-L of 0.1M NaOH to the 1.73-L of waste.
The AN-107 diluted feed had a calculated sodium concentration of 8.04M and 86.4 mole or weight
percent of the sodium was from the as-received waste. The diluted feed was 75-volume percent
as-received waste.

The AN-107 diluted feed was characterized as two individual components, supernatant and
centrifuged solids (Urie et al. 1999b). The data from each component was used to calculate the
starting composition of the diluted feed. The data from the individual samples were averaged, and the
density was used for the supernatant, along with the percent centrifuged solids data to calculate the
initial composition of the diluted feed. The calculated composition of the starting AN-107 diluted
feed is shown in Table 2.1. The sodium concentration reported for the supernatant fraction, 7.5M,
appears much lower than the expected 8.04M. However, the analyses conducted on the treated waste
samples, reported in Section 3.0 of this report, also suggest the sodium concentration reported in
Table 2.1 is too low. The sodium concentration of the diluted feed should therefore be close to the
calculated sodium concentration of 8.04M.
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Table 2.1. Calculated Composition of AN-107 Diluted Feed Before Treatment

BNFL ICP Analyte List Supernatant Solids Calculated
Average Average Composition
(ng/mL) (ng/g) (ng/g)
Al 3930 7450 3120
Ba 4 46 5
Ca 439 368 323
Cd 47 34 35
Cr 146 716 138
Cu 21 20 16
Fe 1140 8900 1250
K 1270 659 1240
La 23 110 22
Mg - 30 2
Mn 107 4990 329
Na 173500 136500 128000
Ni 392 277 288
Pb 256 770 218
Zn 19 64 17
Zr 43 202 40
Other ICP Analytes Supernate Solids Calculated
Average Average Composition
(ng/mL) (ng/g) (ng/g)
As 95.5 80 70.72
Ce 27 215.5 29.83
Nd 70.5 318.5 65.44
P 496.5 427 368.23
Sr 2.6 6.3 2.79
Y 11 31.5 9.28
Rad. Chem. Supernatant Solids Calculated
Analytes Average Average Composition
(nCi/mL) (nCi’g) (nCi’g)
Co-60 (GEA) 0.113 < 7.89E-02
Sr-90 75.9 191.5 6.27E+01
Cs-137 (GEA) 255.5 165 1.87E+02
Eu-154 (GEA) 0.6115 1.305 4.93E-01
Eu-155 (GEA) 0.3555 0.818 2.90E-01
Pu-238 0.00769 0.0438 7.60E-03
Pu-239+Pu-240 0.0314 0.1505 2.96E-02
Am-241 (GEA) 0.398 2.085 3.84E-01
Am-241 (AEA) 0.3785 1.47 3.39E-01
Cm-242 0.00144 0.00421 1.22E-03
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Cm-243+Cm-244 0.01225 0.03095 1.01E-02
Total Beta 450 514.5 3.40E+02
Total Alpha 0.4465 1.83 4.05E-01
Alpha Sum 0.432 1.7 3.88E-01
(ng/mL) (ng/g) (ng/g)
Total Cs 12 7.675 8.76E+00
Total U 73.1 103 5.63E+01
Analyte Supernatant Solids Calculated
Average Average Composition
(ng/mL) (ng/g) (ng/g)
Tc-99 (ICP/MS) 4315 3.77 3.20
TIC 16300 17850 12000
TOC 29900 32000 22500
TC (sum) 46200 50800 34800
Fluoride 6350 4400 4660
Chloride 1400 <1200 980
Nitrite 51350 31050 37400
Bromide <490 <1200 -
Nitrate 161000 111000 118000
Phosphate 3000 <2400 2100
Sulfate 7650 7000 5700
Oxalate 1300 32100 2500
mmole/mL mmole/g mmole/g
Hydroxide 0.717 - 0.500
pH pH
pH 13.32 - -

2.2 Sr/TRU Removal Conditions

Supernatant from Envelope C waste contains levels of Sr-90 and TRU too high to meet immobilized
low-activity waste (ILAW) requirements. The BNFL targets for ILAW are less than 100 nCi/g TRU
and less than 20 Ci/m’ Sr-90 in the final ILAW. For AN-107 waste, this translates to required
decontamination factors (DF) of approximately 10 for strontium (90% removal) and 5 for TRU (80%
removal). Since over 90% of the TRU in AN-107 is due to Am-241, a decontamination factor of 5
was established for Am-241.

Experimental conditions for St/TRU removal were determined from small- and large-scale batch
experiments with archived AN-107 waste (Hallen et al. 2000a,b). These experiments suggested that
hydroxide could be as low as 0.5M and the reagent addition could be as low as 0.05M strontium and
0.03M permanganate for AN-107. But because the AN-107 diluted feed was more concentrated and
contained entrained solids that were not present in the archived AN-107 sample, the conditions used
were 1M hydroxide and reagent addition of 0.075M for strontium and 0.05M for permanganate. The
target sodium concentration was also reduced to 6.0M, since all previous studies with archived
AN-107 had been conducted with more dilute waste. This concentration required an additional
dilution/adjustment to the diluted feed with sodium hydroxide solution. The target concentrations for
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the final treated waste after all chemical additions were set at 6.0M sodium, 1.0M hydroxide, 0.075M
strontium, and 0.05M permanganate. The St/TRU removal process added additional sodium to the
as-received waste giving 79.2 mole or weight percent of the sodium from the original, as-received
waste.

2.3 Solids Removal Conditions

A test matrix was developed for conducting crossflow filtration tests using the single element, Cell
Unit Filtration (CUF) test stand (Brooks et al. 1999). The test conditions were focused on higher
pressure and crossflow velocities of the test matrix for AW-101 based on results from earlier CUF
tests. The CUF test conditions are given in Table 2.2. Conditions 9 to 14 could not be tested because
the minimum operating volume of the CUF was too large (~700-mL), and the original solids loading
(~2%) were too low to reach 20 wt% solids. Approximately 7-L of treated waste would be required
to reach the target solids loading of 20 wt% solids.

Table 2.2. Sr/TRU Precipitate Filtration Tests Conditions

Test Number Sample Transmembrane pressure Crossflow

(psi) Velocity (ft/s)

0 DI water 10, 20, 30 12.2

1 Feed 50 12.2

2 Feed 30 12.2

3 Feed 70 12.2

4 Feed Optimum from 2.1 — 2.3 9.1

5 Feed Optimum from 2.1 — 2.3 15.2

6 Feed 50 12.2

7 Feed Optimum from 2.1 — 2.7 Optimum from

2.1-2.7
8 De-watering Optimum from 2.1 — 2.7 Optimum from
2.1-2.7

9 >20 %wt solids 30 12.2

10 >20 %wt solids 50 12.2

11 >20 %wt solids 70 12.2

12 >20 %wt solids Optimum from 2.9 —2.11 9.1

13 >20 %wt solids Optimum from 2.9 —2.11 15.2

14 >20 %wt solids 50 12.2

CUF Cleaning
15 Water/permeate N/A N/A
cleaning
16 DI water 20 12.2
17 IM nitric acid N/A N/A
cleaning (if
needed)
18 DI water 10, 20, 30 12.2
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After the C-104 filtration tests (Brooks et al. 2000) and prior to the St/TRU removal tests, the filter
element was cleaned by backpulsing and recirculating 1-L of 1M HNOj; through the CUF. The acid
was drained from the CUF and found to be very dark in color, so an additional 1-L of HNO; was used
to clean the filter element. The second acid wash was considerably cleaner. The CUF system was
rinsed until a neutral pH was obtained. The clean water flux of the filter element was determined at
20, 10, and 30 psid (test 0) to evaluate the relative cleanliness of the CUF and filter element. The
respective flux rates were 1.38, 0.84, and 1.77 gpm/ft* averaged over 20 minutes. These values were
12 to 25% lower than at the start of the C-104 testing. The clean water flux remained relatively
constant over the 20 min and the CUF was judged to be clean enough to conduct filtration tests.

After Sr/TRU removal tests, the filter element was cleaned with 1-L of a combination of nitric acid
(1M) and citric acid (0.1M). The manganese precipitate, hydrated manganese dioxide, does not
dissolve in 1M nitric acid normally used to clean the filter element/CUF system. An alpha-hydroxy
carboxylic acid such as citric acid will reduce Mn(IV) to Mn(II), which is soluble in nitric acid. The
manganese solids remaining in the CUF and filter element can be dissolved and removed. This
chemical treatment, followed by recirculation through an external cartridge filter (Brooks et al. 2000),
has been shown to be effective for restoring clean water flux to the filtration unit in earlier tests.

2.4 Experimental

All St/TRU and solids removal tests were performed in the High-Level Radiochemical Facility
(HLRF) shielded process cells located in the 300 area at Hanford. Approximately 1.8-L of AN-107
diluted feed had been prepared as part of waste characterization. The target composition for the
diluted feed was 7.7M sodium and 1.1M hydroxide. The St/TRU removal process was demonstrated
on 1.4-L of the diluted feed and 0.4-L was saved for future studies. The target values for chemical
adjustment and reagent addition are shown in Table 2.3. Stock solutions of the reagents were
prepared outside the hot cells for addition to the waste. Sodium hydroxide solution, 3.52M, was
added to adjust the sodium and hydroxide concentrations. The strontium solution was made up as the
nitrate salt in 1M concentration. The experiment used 1M sodium permanganate. The data show that
the final treated waste contained 75 vol% of the diluted feed or 79.2 wt% of the original, as-received
waste sodium.

Table 2.3. Chemical Additions to AN-107 Diluted Feed

Target Actual Target Actual Sodium from
Concentration | Concentration | Density Volume Volume |As-Received Waste
M) M (g/mL) @) @) (wt %)
initial waste - - 1.32 1.40 1.398 86.4
NaOH 3.52 3.51 1.123 0.265 0.264 -
Sr(NOs), 1.00 0.999 1.159 0.143 0.143 -
NaMnO, 1.00 1.001 1.094 0.097 0.096 -
final waste - - 1.298 1.90 1.86 79.2

AN-107 diluted feed was transferred from four, 1-pint storage jars to a 4-L Erlenmeyer flask. The
waste was mixed with a magnetic stir bar while reagents were slowly added in the order shown in
Table 2.3. The waste was thoroughly mixed between each reagent addition. After the permanganate
addition, the waste was mixed for 30 min at ambient temperature, and then heated for 4 hours at

50°C. The treated waste was cooled and transferred to the CUF feed reservoir for filtration tests. The
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test matrix was run; the slurry diluted by approximately 20%, and CUF tests repeated at a lower
slurry concentration to determine the impact on filtration performance. The dilution did not add
additional sodium to the waste so 79.2 mole or weight percent of the sodium in the final treated waste
was from the original, as-received waste.

2.5 Sampling Plan

A sampling plan (Table 2.4) was prepared before the St/TRU removal test was performed. The
sampling plan was based on the Test Specification, comments received from external reviewers (need
for duplicates), and past experience (collect additional samples during tests). Not all of the samples
were analyzed. The samples that were not needed for analytical were recombined at the end of the
test with the CUF slurry to maximize the amount of supernatant for downstream processing.

Chemical analyses also included the radioactive elements.

Table 2.4. Sampling Plan

Sampling Step N;;?I:);ll; :f S;I;If:e Process Step Analysis
Precipitated Feed 2 Slurry After Precipitation Chemical Analyses
Digested 2 Slurry After Digestion Chemical Analyses
Precipitate
Recycled Slurry 2 Slurry CUF slurry sample Physical Properties
Recycled Slurry 2 Slurry CUF Slurry Sample Rheology
CUF Test Matrix 4 Filtrate CUF Filtrate sample Chemical Analyses
Middle De-water 1 Filtrate During Condition 8 Chemical Analyses
Step
Diluted CUF 1 Slurry Diluted CUF slurry sample | Physical Properties
Slurry
Diluted CUF 1 Filtrate Diluted CUF Filtrate Chemical Analyses
Slurry
Filtrate Composite 2 Filtrate Combined CUF & Chemical Analyses

Deadend Filtrates
Four Washes 1 each Wash After Each Wash Chemical Analyses
Wash Composite 1 Wash After All Washes Chemical Analyses
Washed Solids 2 Wet Solids Final Solids Chemical Analyses

2.6 Chemical Analyses

All of the chemical analyses were conducted at Battelle. BNFL designated the analytes of interest
and minimum reportable quantity in the test specification (Table 2.5). Table 2.6 lists the samples that
were analyzed and analyses conducted on each sample. The samples were transferred from the HLRF
to the Shielded Analytical Laboratory (SAL) for sample preparation and analyses. The samples were
analyzed as soon as possible, but for some samples this was up to two weeks later. The data
discussed in Section 3.0 shows that the samples that were taken as slurries, continued to react during
sample storage.
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Table 2.5. Analytical Requirements for Washed Solids, Filtrate, and Wash Solutions

Analyte Washed Solids Filtrate and Wash Solutions
Minimum Reportable Minimum Reportable Quantity
Quantity (MRQ) pCi/g (MRQ) pCi/mL

Cesium-137 6.0E-02 9.0E+00
Strontium-90 7.01E+01 1.5E-01
Technetium-99 6E+00 ng/g 1.5E-03
Americium-241 1.2E-03 7.2E-04
Europium-154 6.0E-02 2.0E-03
Europium-155 6.0E-02 9.0E-02
Plutonium-239/240 6.0E+00 pg/g 9.6E-03
Total Alpha 1.0E-03 2.3E-01

ng/g pg/mL

Al 3.3E+02 7.5E+01

Ba 6.0E+02 7.8E+01

Ca 1.8E+02 1.5E+02

Cd 1.1E+01 7.5E+00

Co 3.0E+00 3.0E+01

Cr 1.2E+02 1.5E+01

Cu 1.8E+01 1.7E+01

Fe 1.4E+02 1.5E+02

K 1.5E+03 7.5E+01

La 6.0E+01 3.5E+01

Mg 5.4E+02 1.5E+02

Mn 3.0E+02 1.5E+02

Mo 6.0E+00 9.0E+01

Na 1.5E+02 7.5E+01

Ni 1.6E+02 3.0E+01

Pb 6.0E+02 3.0E+02

Si 3.0E+03 1.7E+02

Sr 3.0E+02 8.7E+01

Ti 1.5E+02 1.7E+01

U 6.0E+02 6.0E+02
Zn 6.0E+00 1.65E+01

TOC 6.0E+01 1.5E+03

TIC 3.0E+01 1.5E+02

Cl 2.3E+02 3.0E+00

F 7.5E+03 1.5E+02

NO3 4.5E+02 3.0E+03
SO4 1.2E+03 (as S) 2.3E+03
PO4 6.0E+02 (as P) 2.5E+03
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Table 2.6. Identification of Samples that were Analyzed'

Sample Type Comments
Number
DF-01 filtrate Analyze for %Sr, *' Am, and Na (and all ICP elements)
DF-02 slurry filter and analyze for 90Sr, 241Am, and Na
DF-03 slurry filter and analyze for 90Sr, 241Am, and Na
DF-04 slurry filter and analyze for 90Sr, 241Am, and Na
DF-05 slurry physical properties
DF-06 slurry physical properties
DF-11 CUF filtrate analyze for PSr, > Am, and Na
DF-13 dilute slurry physical properties
DF-14 dilute slurry filter and analyze for 90Sr, 241Am, and Na
DF-20 composite filtrate | analyze for all analytes, see Table 2.5
DF-21 composite filtrate | analyze for all analytes
1* wash wash analyze for Na (and all ICP elements)
2" wash wash analyze for Na
3 wash wash analyze for Na
4™ wash wash analyze for Na
wash composite combined washes | analyze for all analytes
washed solids damp solids Dry, digest, analyze for all analytes

'See Table 3.1 for description of process conditions corresponding to each sample.

Sample DF-01 was filtered immediately after the sample was collected. The other slurry samples,
when specified, were filtered as part of the analytical sample preparation scheme, about 2 weeks after
the samples were taken. The slurry samples were filtered with 0.45-pm disposable syringe filters.
Many of the samples required multiple filter units to filter the necessary volume of waste for analyses.
The washed solids were dried for 24 hours at 105°C, and the weight percent of dry solids was
determined. Duplicate samples of the dried solids were dissolved by acid-digestion and analyzed for
Na/K (and all ICP elements). Duplicate, washed solids samples were also dissolved by potassium
hydroxide-fusion and analyzed for all analytes listed in Table 2.5. The wash samples were analyzed
separately for sodium (and all ICP elements), and a composite of all four washes made; 5 mL of each
wash combined to make one 20-mL sample. The composite wash was analyzed for all analytes
(Table 2.5).

2.7 Physical Property Measurements

Physical property measurements were conducted on samples of AN-107 diluted feed before and after
treatment. The physical property analyses included supernatant and centrifuged solids density, and
weight percent (wt%) and volume percent (vol%) solids.
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An AN-107 diluted feed sample (sample identification “AN-107 PT”’) was collected from the initial
diluted tank composite. The diluted feed was homogenized and sampled as described under Test Plan
29953-6. This sampling method was shown under Test Plan 29953-1 to provide samples with
representative solids content.

The AN-107 diluted feed was treated for St/TRU removal under Test Plan 29953-013 according to
Test Instruction 29953-052. Duplicate samples of the Str/TRU precipitated slurry (DF-05 and DF-06)
were collected for physical property analyses. The St/TRU precipitated slurry was then diluted by
19.24% for additional filtration tests, and an additional slurry sample (DF-13) was collected for
physical property analysis.

2.8 Rheological Properties Testing

The AN-107 initial diluted feed (AN-107 PT) and St/TRU precipitated slurry (similar to DF-05 and
DF-06) were analyzed for shear stress as a function of shear rate from approximately 0.1 to 300 s or
1000 s according to procedure 29953-010. The AN-107 initial diluted feed was analyzed using the
Bohlin CS viscometer modified for glovebox operations. Concentric cylinders with a 25-mm-
diameter inner cylinder and a “Small Sample Cell” outer cylinder were used as the measuring
geometries. The Sr/TRU precipitated slurry was analyzed using a Haake M5 measuring head
modified for hot cell operations. An MVI measuring geometry was used on the Haake. Both the
initial and St/TRU precipitated slurries were analyzed in duplicate at 25°C. A 49.9 cP standard,
Brookfield lot 102298, was used to check the calibration of both instruments before samples were
analyzed. The Bohlin is the preferred instrument for analyzing the diluted feed as it can quantify
lower viscosities than the Haake M5 with comparable concentric cylinder geometries. The Bohlin

also requires significantly less sample material, 5 ml, compared to 40 ml for the Haake M5. Since the
St/TRU slurries were analyzed in the hot cell while the filtration tests were being conducted, the
Haake M5 was preferred for these analyses. The Haake M5’s location in the hot cell allowed for
immediate return of sample to the CUF reservoir following analysis, preventing the loss of sample
volume from the test.

Analyses of the AN-107 initial diluted feed were conducted up to 300 s™ as per Test Instruction
29953-11. Following this testing, guidance was provided by BNFL to increase the shear rate analyses
to 1000 s™'. Therefore, testing on the St/TRU precipitated slurries were conducted up to 1000 s with
additional analyses conducted to only 300 s for comparison.

Prior to shear stress as a function of shear rate analysis, the samples were stirred to combine the
separated liquid and solid layers. Shear stress data, as a function of shear rate, was obtained by
measuring the shear stress produced at a specific shear rate. The shear rate was gradually increased
from approximately 0.1 to either 300 s™ or 1000 s™', generating the increasing shear rate curve, and
then back down to 0.1 s, generating the decreasing curve. For analyses conducted with the Haake
MS, the increasing and decreasing 300 s curves were collected over a 2 min period, while the

1000 s curves were collected over a 2- or 4-min time period. For the Sr/TRU precipitated slurry, the
shear rate analysis was conducted three times with the same sample still in the instrument. A
difference between the first, second, and third analysis of the same sample would indicate potentially
unusual behavior in the samples including (but not limited to) settling of the solids within the
instrument, the sample being affected by shearing in the instrument or water loss through evaporation.
In all cases, the first, second, and third analyses were virtually identical. The sample cup was then
cleaned, and a duplicate sample was analyzed using the same parameters.
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3.0 RESULTS AND DISCUSSION

The results of the testing and analyses are discussed below for St/TRU decontamination, chemical
composition, wash solutions and washed solids composition, solids removal, physical properties, and
rheological and flow properties.

3.1  Sr/TRU Decontamination

Multiple samples were taken during the St/TRU removal tests and analyzed to determine the change
in waste composition upon treatment. Samples were taken after various stages of treatment,
filtration, and again after the slurry was further diluted for additional filtration tests. The radionuclide
composition of the treated samples was compared with the starting composition to determine the
extent of decontamination. The Decontamination Factor (DF) is defined as the concentration of the
component in the untreated waste divided by the concentration after treatment, corrected by the
amount of dilution that occurred:

DF = [A]/([A]*MD)

where [A]; is the concentration of component A per mass in the diluted feed sample, [A] is the
concentration of component A per mass in the treated sample, and MD is the mass dilution, final mass
of treated solution divide by the initial mass of solution. The final mass is determined by summing

up the mass of initial waste and all dilution, adjustments, and/or reagent additions. Table 3.1 lists the
samples analyzed, mass dilution to be used for calculating DFs, and description of the sample. All
DFs and mass dilutions are based on the diluted feed.

Table 3.1. Samples and Mass Dilution for Calculating Decontamination Factors

Sample ID | Mass Dilution Sample Description

DF-01 1.3075 sampled after chemical addition, before heating, and
filtered immediately

DF-02 1.3075 same as DF-01 but left as slurry until sample prep.

DF-03 1.3075 sampled after heating, left as slurry until sample prep

DF-04 1.3075 duplicate of DF-03

DF-11 1.3075 CUF filtrate

DF-14 1.556 diluted CUF slurry, left as slurry until sample prep

DF-20 1.556 composite filtrate from CUF and Deadend filtration,
also Cs ion exchange feed

DF-21 1.556 duplicate of DF-20, composite filtrate
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The strontium, americium, and curium decontamination factors for samples DF-01 through DF-11 are
shown in Table 3.2. All samples had very high decontamination for Sr and TRU components, greatly
exceeding the requirements for ILAW. The 4-hour digestion had very little effect on the DFs. The
higher DFs for samples DF-02, DF-03, and DF-04 most likely resulted from the long contact time of
the solids and supernatant (approximately 2 weeks), while the samples were waiting preparation in
the analytical laboratory. This suggests that thermodynamic equilibrium was not reached between
solution species and solids during the actual waste testing. Sample DF-11 most accurately represents
the current technical baseline process for St/TRU removal because it underwent the entire treatment
and filtration process.

Table 3.2. Strontium, Am, and Cm Decontamination Factors for Samples DF-01 to DF-11 and the
Composition of CUF Filtrate (DF-11)

DF-01 | DF-02 | DF-03 | DF-04 | DF-11 DF-11

(nCi/g)
Sr-90 48 116 246 122 82 5.85E-01
Am-241 (AEA) 26 54 64 56 28 9.36E-03
Cm-242 24 39 49 42 22 3.89E-04
Cm-243+Cm-244 18 37 43 39 20 4.17E-05

The original treated waste was diluted by an additional 19 wt%, additional CUF tests performed, and
samples collected for analyses. A reduced test matrix was performed and the optimum conditions
were used to dewater the slurry in the CUF until the waste volume was reduced to the volume limit of
the CUF. Approximately half the slurry was dewatered in the CUF. The CUF was drained and the
slurry filtered to dryness in a deadend filtration unit. The final CUF filtrate was combined with
filtrate from the final dewatering of the slurry in a deadend filtration unit and sampled in duplicate,
DF-20 and DF-21. These samples represent the low activity waste from the Sr/TRU removal process.
The composite filtrate is the feed for the subsequent cesium ion exchange process.

Table 3.3 shows the DFs calculated for the total sample (including entrained solids) and for
supernatant for various radioactive elements in these samples. Solids removal contributed very little
to the DF. The DFs were very high and consistent with the earlier filtrate sample, DF-11. The DF of
less-than-1 for Tc-99 means the concentration after treatment was actually higher in the filtrate than
the untreated waste. The most significant result was the additional dilution did not impact the
decontamination of the waste.
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Table 3.3. Radioactive Element Decontamination Factors for Samples DF-14, DF-20 and DF-21 and
Average Composition of Composite Filtrate

Total Sample Supernatant Only Average of
DF-20 & DF-21
DF-14 | DF-20 | DF-21 | DF-14 | DF-20 | DF-21 (uCi/g)

Co-60 (GEA) - 1 1 - 1 1 4.99E-02
Sr-90 55 85 84 51 78 77 4.77E-01
Cs-137 (GEA) - 1 1 - 1 1 1.23E+02
Eu-154 (GEA) - 11 12 - 10 11 2.85E-02
Pu-238 - 29 29 - 22 23 1.67E-04
Pu-239+Pu-240 - 29 31 - 24 25 6.32E-04
Am-241 (AEA) 66 45 43 56 38 37 4.97E-03
Cm-242 51 35 32 46 32 29 2.32E-05
Cm-243+Cm-244 50 30 27 46 27 25 2.32E-04
Tc-99 - 0.8 0.7 - - - 2.72 (ug/g)
Total Alpha - 32 34 - 27 28 7.93E-03

3.2 Change in Chemical Composition

The St/TRU removal process also changed the chemical composition of the waste samples. Table 3.4
shows the compositional change of the supernatant as a percent removed from the untreated waste.
These values are corrected by the mass dilution that occurred upon treatment. The most significant
and interesting changes are for Cr, Fe, Mn, and Sr. The Cr in solution decreased, which was opposite
of the effect observed by Orth et al. The Fe removal was very high, and most likely correlated
directly with the high TRU (Am/Cm/Eu) removal. Manganese decreased, which suggests that soluble
Mn, likely Mn(I), is oxidized to Mn(IV) by reaction with Mn(VII). The Sr increased because the
original solution was below the saturation level for Sr, and a fraction of the added Sr remained
soluble.

Table 3.4. Percent Removal of ICP Metals from samples DF-01 to DF-11 and Composition of the
CUF Filtrate (DF-11)

DF-01 DF-02 DF-03 DF-04 DF-11 DF-11

(%) (%) (%) (%) (%) (ng/g)

Al 10 7 7 5 7 2220
Ca 32 36 39 38 37 157
Cd 0 -4 -3 -5 -3 27.1
Cr 48 93 94 93 51 51.5
Fe 99 99 99 99 98 15.9
K 24 23 24 23 23 732
Mn 99 94 92 93 99 1.8
Ni 2 -1 -1 -3 -1 222
P 0 -4 -3 -5 -4 294
Pb 65 65 65 64 60 65.9
Sr -7445 -4132 -4113 -4216 -7070 153
Zr 52 72 75 72 57 3.4
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The results for the diluted slurry and final composite filtrate are presented in Table 3.5. The results
show the composition did not change significantly upon dilution of the slurry and additional CUF
testing.

Table 3.5. Composition Change, Reported as Percent Removed, on Treatment and Dilution of the
Slurry and Final Composite Filtrate

DF-14 DF-20 DF-21 | Ave DF-20 & 21

(%) (%) (%) (ng/g)
Al 5 -1 3 1980
Ca 33 32 37 136.5
Cd -3 -7 2 232
Cr 85 58 59 37.025
Fe 99 99 99 8.9125
K 24 21 23 622.5
Mn 98 99 99 2.325
Nd 80 74 74 2.725
Ni 2 -7 -1 192
P -4 -8 -4 251.5
Pb 61 60 62 54.675
Sr -5164 -6341 -5867 111.25
Zr 77 63 70 2.05

Table 3.6 shows the results from sodium analyses of the samples and the density of the filtrate. The
sodium concentration is important for LAW glass-loading calculations. Here, the sodium values are
higher than expected, 6M for the initial treated waste and SM after additional dilution. These values
could be caused by dissolution of additional entrained solids on dilution/treatment, but the results are
within the expected analytical error (10%) for samples that require high dilution before analysis. The
densities reported in the table were determined in the hot-cells using volumetric flasks and samples of
the filtrate.

Table 3.6. Sodium Concentration in DF-01 to DF-21 Samples

Sample ID [Na] [Na] Density
(ng/g) ™ (g/mL)
DF-1 112000 6.27
DF-2 115000 6.43
DF-3 116000 6.49
DF-4 118000 6.60
DF-11 119000 6.66
average 116000 6.49 1.286
DF-14 105000 5.67
DF-20 102000 5.51
DF-20 dup. 110000 5.94
DF-21 91900 4.96
average 101300 5.47 1.2414
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Carbon analyses were only performed on the composite filtrate, samples DF-20 and 21. Table 3.7
shows that very little of the organic carbon was destroyed by the St/TRU removal process, i.e.
permanganate oxidation. This is consistent with the initial high organic carbon content of the waste
(>2M) and low level of added permanganate (0.05M). The decrease in carbonate is expected because
the added Sr precipitates as SrCO;, removing carbonate from solution. Taking into account the
carbonate removed by Sr precipitation, the carbonate (reported as TIC) still decreased by 6%. The
data indicate very little destruction of organic carbon and give no indication that any was oxidized to
carbonate.

Table 3.7. Percent Removal of Carbon and Composition of the Composite Filtrate Samples

DF-20 DF-21 Average Average
(%) (%) (ng/g) ™
TIC 14 13 6800 0.70
TOC 3 9 13600 1.41
TC 7 10 20425 2.11

The filtrate composite, DF-20 and DF-21, was analyzed by ion chromatography (IC) for anions.
Table 3.8 shows that most anions were below detection level, except for nitrate and nitrite. The
St/TRU removal process reduced the nitrite concentration about the same amount as the nitrate was
increased, which suggests that during the removal process some of the nitrite was oxidized to nitrate.
Not enough data are available to determine if this is a result of the initial permanganate oxidation, or a
result of the digestion process, where various higher valence metals may act as nitrite oxidants
Mn(IV)).

Table 3.8. Percent Removal of Anions and Composition of the Composite Filtrate Samples

DF-20 DF-21 | Average | Average

(%) (%) (ng/g) ™
Fluoride >33 >33 <2000
Chloride <2000
Nitrite 9 10 21700 0.59
Nitrate -6 -8 87400 1.75
Phosphate <4000
Sulfate <4000
Oxalate <4000

3.3 Composition of Wash Solutions and Washed Solids

The combined entrained solids and St/TRU removal solids were collected on the deadend filter. The
solids were washed on the filter four times with 0.01M NaOH. The first wash was vacuum filtered,
but filtered so fast the solids were not washed very well. Subsequent washes were all done with
gravity filtration. The solids were very difficult to wash in the deadend filtration unit. They could
not be easily stirred or mixed while washing. The solids were the consistency of wet clay. The four
wash solutions were collected and analyzed separately, and a composite of the four wash solutions
was analyzed. The wet, washed solids were removed from the filter unit, dried to constant weight,
dissolved, and analyzed. The composition of the wash solutions and washed solids are listed in
Table 3.9.
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Table 3.9. Composition of Wash Solutions and Washed Solids (ug/g)

Element 1% 2 3 4™ Composite Washed
Wash* Wash Wash Wash Wash Solids
Ag - - - - - 105
Al 194 487 161 90.8 125.9 7915
Ba - - - - - 358
Ca 15.7 [42] 16.6 [10] 13.3 5413
Cd 1.9 5.29 1.8 1.07 1.435 33
Ce - - - - - 1013
Co - - - - - -
Cr 1.19 [2.8] 2.52 1.77 2.145 3277
Cu 1.38 [3.3] [1.1] [0.62] 0.86 53
Fe [1.1] [1.4] 344 [0.44] 1.94 47133
K [73] [140] [34] [14] 24 -
La - - - - - 723
Mg - - - - - 195
Mn [0.52] - [0.52] [0.28] [0.4] 130000
Mo [1.2] [3.1] [1] [0.56] [0.78] 31
Na 12400 26500 9560 6440 8000 75567
Nd - - - - - 2117
Ni 16.2 43.6 14.8 8.88 11.84 134
P 18 614 11.7 11.3 11.5 749
Pb 9.14 23.9 9.82 7.03 8.425 4770
Pd - - - - - 987
Si 27.2 [18] [18] [10] 14 4322
Sr 16.7 40 16.7 12.4 14.55 272500
Th - - - - - 1150
Ti - - - - - 42
U - - - - - 1780
Zn 0.69 1.8 0.8 0.6 0.7 307
Zr - - - - - 1958

* First wash vacuum filtered, all others gravity filtered. Overall error is estimated to be within +15%.
Values in brackets are within 10-times the detection limit and errors are likely to exceed +15%.
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Table 3.9. Composition of Wash Solutions and Washed Solids (Con’t)

Wash Composite Washed Solids

(nCi/g) (nCi/g)
Alpha 6.67E-04 1.35E+01
Sr-90 9.79E-02 1.10E+03
Pu-239 + Pu-240 2.44E-05 6.33E-01
Pu-238 6.97E-06 1.76E-01
Am-241 2.89E-04 6.24E+00
Cm-243 + Cm-244 1.62E-05 1.40E-01
Cm-242 1.39E-06 1.07E-02

(ng/g) (ng/g)
Tc-99 0.29 8.6
TIC 1,025 47,750
TOC 2,400 1,625
TC 3,425 49,375
Fluoride <125 <250
Chloride <125 <500
Nitrite 2800 1750
Nitrate 11150 8350
Phosphate <250 <500
Sulfate 470 1200
Oxalate 3450 23300

The moisture content of the washed solids (92 g) was 63.4 wt%, which yielded 33.7 g of solids
recovered on a dry basis. The Sr/TRU removal treatment was estimated to yield 35 g of solids, and
the initial waste was estimated to contain 11 g of entrained solids. The loss of solids occurred
because complete removal of the dewatered slurry from the CUF is difficult. Additional entrained
solids were also expected to dissolve by the additional dilution/treatment, lowering the amount of
entrained solids. Using the Sr concentration of the washed solids (272,500 pg/g) and predicted Sr
concentration for the solids from precipitation (345,000 pg/g), we calculate that 9 g of entrained
solids were present. The solids content of the waste slurry is calculated to be 1.85 wt% and includes
the entrained solids and St/TRU precipitate. The calculation suggests the entrained solids are
primarily Na, Al, Si, Fe and Mn, which is consistent with data on entrained solids washing/
dissolution (Lumetta et al. 1999). The IC analysis was performed on a water leach of the solids and
TIC/TOC analyses were made directly on the solids. However, the TOC and oxalate results reported
in Table 3.10 for the washed solids did not match. With oxalate at 23,300 ug/g, the TOC value
should have been at least 6350 pg/g. It is likely that the oxalate decomposed during the TIC analyses
and is reported as TIC not TOC.
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Table 3.10. Average Filtrate Flux as a Function of Test Number and Conditions

Test # T™MP Total Flow | Velocity Average Flux
(psi) (gpm) (ft/s) (gpm/ft’)
1 49 4.0 12.0 0.030
2 30 4.2 12.2 0.025
3 69 34 9.9 0.022
4 50 3.1 9.0 0.019
5 49 4.5 13.1 0.024
6 50 4.1 11.9 0.022
DW 48 3.9 11.3 0.021

3.4 Solids Removal

The CUF was thoroughly cleaned before each test matrix of filtration tests. The flux rate for clean
water was used to evaluate the cleanliness of the CUF unit. When the flux rate was high, and
remained consistently high for at least 30 min, the CUF was judged clean enough for filtration tests.
The Sr/TRU precipitated waste was then transferred to the CUF for testing.

The result from the first test condition, target transmembrane pressure (TMP) of 50 psi and crossflow
velocity of 12.2ft/s, are shown in Figure 3.1, and are indicative of the overall CUF performance for
the St/TRU precipitated waste. The high initial flux rate drops within a few minutes to a lower,
consistent flux rate that slowly decreases over the 1-hour test period. For comparison of test
conditions, the flux rate is averaged over the 1-hour run time except for the initial flux rate data (data
taken at less than 10 min). Averaging the data from 10 min until the end of the test conditions, the
average flux rate was 0.03 gpm/ft’ or 1.75 m*/m*/day and the permeability was 0.53 m/day/bar.
These flux rates are significantly less than the value of 0.1 gpm/ft* that was obtained for the St/TRU
precipitated, archived AN-107 under similar conditions. The archived waste did not have entrained
solids present and was more dilute. The filter element also had a slightly higher clean water flux,
which suggests the filter element and CUF was initially cleaner for the archived AN-107 sample test.

Test Number 1
49 psig and 4.0 gpm

0.080

L 2
0.060
0.040 o o
0.020
0.000

0:00 0:10 0:20 0:30 0:40 0:50 1:00 1:10

Filtrate Flux
(gpmift’)

Time (hr:min)

Figure 3.1. CUF Data for Test Number 1 of the Test Matrix, 49 psi Transmembrane Pressure and 4.0
gpm Total Flow (crossflow velocity of 12 ft/s)
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Comparing all of the data from the test conditions, Table 3.10, the important operating factor appears
to be crossflow velocity. The flux rates appear to drop fairly consistently with increasing run number,
which has been observed for other wastes. However, for test condition number 5, the flux rate
increases substantially over the previous two conditions. The decrease in flux rates with run number,
or time, can be seen by comparing the results for test number 1 and number 6 (Figure 3.2). The
average filtrate flux had decreased from the first test, 0.030 gpm/ft’, to 0.022 gpm/ft’ for test
condition 6. If the decreases in flux rates are estimated for each test, the effect of TMP and velocity
can be determined.

Test Number 6
50 psig and 4.1 gpm

0.050
<> 0.040
0.030 *
0.020
0.010
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0:00 0:10 0:20 0:30 0:40 0:50 1:00 1:10

L 4
2
L 4
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(gpmift
*
*

Time (hr:min)

Figure 3.2. CUF Data for Test Number 6, Repeat of Test Number 1

Increasing the TMP from 30 to 50 psi resulted in a 13% increase in filtrate flux, but increasing the
TMP another 20 psi from 50 to 70 psi, resulted in only a 2% increase in filtrate flux. Similarly,
increasing crossflow velocity from 9.0 to 11.6 ft/s resulted in a 31% increase in flux, but an additional
increase from 11.6 to 13.1 ft/s resulted in only a 2.5% increase in flux. Unfortunately, because of
pump wear, the high pressure and crossflow velocity test conditions could not be reached, 70 psi and
12.2 ft/s, and 50 psi and 15.2 ft/s. However, the results that were obtained suggest these conditions
would not have significantly increased filtrate flux compared with 50 psi and 12.2 ft/s.

The conditions for test 1 and 6 were chosen as optimum and used for dewatering the waste in the
CUF. The target TMP of 50 psi and total flow of 4.1 gpm could not be sustained during dewatering
because of the decreasing slurry volume with time. The waste volume was decreased more than 50%
during dewatering, and the filtrate flux remained quite constant during dewatering, as shown in
Figure 3.3. Dewatering was stopped at 38 min because the volume in the CUF was too low to
continue. The average flux rate during dewatering was 0.021 gpm/ft’.
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Dewatering
48 psig and 3.9 gpm
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Figure 3.3. Flux Rate During Dewatering in the CUF Unit

The CUF testing was completed and the remaining dewatered slurry removed from the CUF. The
CUF was rinsed with DI water and cleaning of the system was initiated. Preliminary evaluation of
the filtrate flux data for the Sr/TRU treated AN-107 diluted feed showed a significantly lower filtrate
flux than for the treated archived AN-107 sample. Figure 3.4 shows a comparison of the first three
test conditions for the treated archived AN-107 sample and the treated AN-107 diluted feed. The
large drop in filtrate flux between condition 1 and 2 for the treated, archived AN-107 was thought to
be a result of shearing the agglomerated precipitate (solids) into smaller particles. This behavior was
not noticed for the treated AN-107 diluted feed.

Additional CUF tests were performed to determine if waste concentration could be a major factor in
filter performance. The filtrates, slurry/solids, and samples from the first series of CUF tests were
combined to reconstitute the St/TRU removal slurry, ~2 wt% solids. This waste was transferred back
to the CUF and filter performance determined using test condition 1. Then the waste slurry was
diluted by 19 wt% with DI water from the first CUF rinse (~1.7 wt% solids), and filtration tests
repeated: test conditions 1, 2, 4, 6, and dewatering, plus an additional test to assess the impact of
frequent backpulsing every 10 min of operation (test #7). Figure 3.5 shows the filtrate flux rates for
the starting reconstituted waste and the waste after additional dilution, for similar test conditions, test
condition 1. The reconstituted waste average flux rate was 0.020 gpm/ft’. After dilution it increased
to 0.028 gpm/ft’, a 36% improvement. The dilution of the waste improved the flux rate, but not to the
high values obtained for filtration of the treated archived AN-107.
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Figure 3.5. Comparison of Flux Rates at Different Slurry Concentrations with Test Number 1
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Table 3.11 gives the filtrate flux rates for the diluted slurry at various conditions. The data are
consistent with the tests conducted with the more concentrated slurry. Increasing pressure from 28 to
49 psi resulted in a 14% increase in flux. Increasing crossflow velocity from 9.0 to 11.9 ft/s resulted
in a 27% increase in flux. The filtrate flux decreased as run number increased, but to a lesser extent
than with the more concentrated slurry. Optimum conditions for dewatering were determined to be
50 psi and 12 ft/s as with the more concentrated slurry. Dewatering the diluted slurry gave very
similar results to the more concentrated slurry.

Table 3.11. CUF Test Results for the Diluted Slurry

Test # T™MP Total Flow | Velocity Average Flux
(psi) (gpm) (ft/s) (gpm/ft’)
1 49 4.1 11.9 0.028
2 28 4.2 12.2 0.024
4 49 3.1 9.0 0.021
6 49 4.1 11.9 0.026
7 49 4.1 11.9 0.029
DW 48 3.9 11.3 0.022

The average flux value reported for test condition 7, the frequent backpulse test, excludes the initial
flux rate measurements. If the initial flux values are included in the average, the value raises slightly
to 0.032 gpm/ft’. The backpulse procedure is described in Brooks et al. (1999). The air pressure to
the backpulse chamber was set to 65 psig. A backpulse would take approximately 8 seconds to
complete. The number of backpulses was varied from 1 to 2. The filtrate flux rates and number of
backpulses used are shown in Figure 3.6 as a function of filtration time. The initial, time 0, flux rates
should not be used for comparison, because slight delays between back pulse and taking the reading
can cause the values to be significantly different as the initial rate is changing rapidly. Comparing the
flux rate data taken at approximately 10 min, shows continued degradation of flux rates even with
frequent backpulses. Going from 1 backpulse to 2 appeared to stop or temporarily delay the
degradation of filter performance, but did not recover lost performance. The significant factor
affecting the flux rates with regard to the earlier archived AN-107 data appears to be an overall
reduction of filter element/CUF performance with time. The entrained solids present in the AN-107
diluted feed certainly had an effect but probably similar in magnitude to the impact of dilution.
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Figure 3.6. Filtrate Flux Rates with Frequent Backpulsing

3.5 Physical Properties Analysis

The AN-107 samples (AN-107 Diluted Feed (AN-107 PT), St/TRU Precipitated Slurry (DF-05 and
DF-06), and Diluted St/TRU Precipitated Slurry (DF-13)) were analyzed for density of the bulk
slurries, settled solids, supernatant following solids settling, centrifuged solids, and centrifuged
supernatant. The density results are listed in Table 3.12. The wt% and vol% settled solids, wt% and
vol% centrifuged solids, and wt% total solids were measured for these samples as well. The wt% and
vol% solids results are listed in Table 3.13.

For this testing, a known mass of each slurry was placed in duplicate in volume graduated centrifuge
cones. The duplicates were then allowed to settle for 3 days. The total mass (Mg) and volume (Vg)
of the settled were recorded, and the density of the bulk slurry was calculated (Dg=Mp/V3). In
addition, the volume of the settled solids (V) and volume of supernatant following solids settling
(Vg) were recorded. The vol% settled solids were then calculated (Vol%s=V/Vp x 100%). A
portion of the supernatant following solids settling was then transferred to a graduated cylinder, and
its mass (Mg) and volume (V) recorded. Using these data, the density of the supernatant following
solids settling was calculated (Ds=Mg/ V).

Since all of the supernatant following solids settling could not be removed from the centrifuge cone
without disturbing the settled solids, the mass of the settled solids (M) could not be measured
directly. Therefore, the mass of the settled solids was determined by first calculating the mass of the
supernatant following solids settling in the centrifuge cone using the measured supernatant density
and volume (Mg = Dq x V), then subtracting this mass for the mass of the bulk slurry to get the mass
of the settled solids (Ms=M3-My)). The density of the settled solids was then calculated
(Dss=M/Vs), as well as the wt% settled solids (Wt%s=Ms/Mp x 100%).
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Table 3.12. Density Measurements for Samples of AN-107 Diluted Feed (AN-107 PT), St/TRU

Precipitated Slurry (DF-05 and DF-06), and Diluted Slurry (DF-13)

Density, g/ml
Slurry | Settled Supernatant Centrifuged | Centrifuged
Solids Following Solids Supernatant
Solids Settling

AN-107 PT 1.32 1.47 1.38 1.88 1.311
AN-107 PT Duplicate 1.32 1.30 1.26 1.94 1.317
AN-107 PT Average 1.32 1.38 1.32 1.91 1.314
Relative % Difference 0% 12% 9% 3% 0.4%
DF-5 1.25 1.23 1.28 1.36 1.290
DF-5 Duplicate 1.26 1.31 1.26 1.34 1.298
DF-5 Average 1.26 1.27 1.27 1.35 1.294
Relative % Difference 1% 6% 2% 1% 0.6%
DF-6 1.26 1.37 1.29 1.42 1.291
DF-6 Duplicate 1.26 1.33 1.25 1.31 1.275
7-DF-6 Average 1.26 1.35 1.27 1.37 1.283
Relative % Difference 0% 3% 3% 8% 1%

DF-13 1.20 1.23 1.22 1.26 1.242
DF-13 Duplicate 1.20 1.21 1.23 1.32 1.250
DF-13 Average 1.20 1.22 1.22 1.29 1.246
Relative % Difference 0% 2% 1% 5% 0.6%

Table 3.13. Weight Percent and Volume Percent Solids measurements for samples of AN-107
Diluted Feed (AN-107 PT), St/TRU Precipitated Slurry (DF-05 and DF-06), and Diluted Slurry

(DF-13)
Wt% Wt% Vol% Vol% Wt%
Settled” | Centrifuged” | Settled” | Centrifuged” | Dissolved"

AN-107 PT 7.0 4.5 6.3 3.2 41
AN-107 PT Duplicate 6.6 4.6 6.7 3.1 42
AN-107 PT Average 6.8 4.6 6.5 3.2 42.0
Relative % Difference 6% 2% 6% 3% 2%
DF-5 39 13 39 12 35
DF-5 Duplicate 40 13 39 12 36
DF-5 Average 40 13 39 12 36
Relative % Difference 2% 0% 0% 0% 3%
DF-6 43 15 40 13 43
DF-6 Duplicate 40 13 38 12 39
DF-6 Average 42 14 39 12 41
Relative % Difference 7% 14% 5% 8% 10%
DF-13 42 9.7 41 9.3 30
DF-13 Duplicate 42 9.6 41 8.8 30
DF-13 Average 42 9.6 41 9.0 30
Relative % Difference 0% 1% 0% 6% 0%

" Values include interstitial liquid.
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The supernatant following solids settling was then added back to the centrifuge cones and centrifuged
at approximately 1000 times the force of gravity for 1 hour. All of the centrifuged supernatant was
then transferred to a graduated cylinder and its mass (M) and volume (V) recorded, and the density
was calculated (Dg=My/V). The mass (M) and volume (V) of the centrifuged solids were then
recorded, and the density was calculated (D=M./V,s). In addition, the wt% centrifuged solids
(Wt%=M /Mg x 100%), and vol% centrifuged solids (Vol%.=V./Vsx 100%) were also calculated.

The centrifuged solids and supernatants were then each dried at 105°C for 24 hours. The mass of the
dried centrifuged supernatant (Mg,) and dried centrifuged solids (M) were then measured.
Assuming all mass lost during the drying process is water and not another volatile component, the
weight percent total solids in the bulk slurry was calculated (Wt%s = (MgestMaa)/(Mest M) x 100%).

The results in Table 3.12 show the initial density of the diluted feed was 1.32 g/mL. Following the
St/TRU removal treatment, the density decreased to 1.26 g/mL. The final diluted slurry, after the
additional 19.24 wt% dilution, had a density of 1.20 g/mL. This value is very close to that calculated
for this amount of dilution, 1.22 g/mL ([1.26+0.19]/[1.00+0.19] =1.218).

The density of the centrifuged solids in the initial diluted feed was 1.91 g/mL (entrained solids). The
density of the St/TRU precipitate and entrained solids decreased to an average of 1.36 g/mL for
samples DF-05 and DF-06. It then decreased again to 1.29 g/mL following the final dilution. The
relative percent differences between duplicates were low, with the exception of 8% for sample DF-06.
This drop in density with the final dilution (between DF-05/DF-06 and DF-13) indicates that dilution
was inducing a change in the solid species, either decreasing the packing efficiency, dissolving the
denser species (entrained solids), or both.

From the data in Table 3.13, there were 4.6 wt% centrifuged solids (including interstitial liquid) in the
initial diluted feed. Following the Sr/TRU precipitation, the solids content increased to an average of
14 wt% for samples DF-05 and DF-06. Following the final dilution, the centrifuged solids content
dropped to 9.6 wt%. This decrease to 9.6 wt% would be anticipated for a 19.24% dilution
(14g/(126g+19.242)*100%= 9.6%). The wt% total solids (including dissolved solids) was 42 wt% in
the initial diluted feed. Following the St/TRU precipitation and final dilution this value was 30 wt%.
Based on this 30 wt% value, a value of 44 wt% would be anticipated for samples DF-05 and DF-06.
However, the highest measured value was 43% with an average of only 39 wt%. It is unclear why the
wt% total solids for samples DF-05 and DF-06 were low, but the relative percent difference between
duplicates was high as well, 3% and 10%, respectively. It is also possible that the value of 30 wt%
for sample DF-13 was high, but both duplicates yielded the same result.

An additional calculation was performed to determine the wt% solids in the samples excluding all
interstitial liquid (wt% undissolved solids). The wt% undissolved solids can be thought of as the
solids left if all the supernatant could be removed from the bulk slurry. The following equation was
used:

1 _ Mdsc
M M
Wt% undissolved solids =| 1— < IXx—E%x100%
1 _ Mdcl B
Mcl
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This calculation assumes 1) that the supernatant and the interstitial liquid have the same composition,
and 2) that all mass loss during the drying of the centrifuged solids is water loss from interstitial
liquid. The results of this calculation are listed in Table 3.14 along with the wt% dried residue from
the centrifuged solids (Solids Residue=M. /Mg, x 100%), and dried centrifuged supernatant
(Supernatant Residue= Myy/My x 100%).

Table 3.14 shows the wt% undissolved solids for the duplicate initial diluted feed samples were

0.56 wt% and 0.67 wt%. This yields an average value of 0.62 wt% entrained solids in the diluted
feed with a relative percent difference of 18%. This relative percent difference of 18% is not
unreasonably high given the low solids content. The duplicates for the final diluted slurry (DF-13)
also showed good reproducibility, 1.67 wt% and 1.58 wt% with an average of 1.62 wt% and a relative
percent difference of 6%. However, the St/TRU precipitated samples, DF-05 and DF-06, showed a
great deal of scatter with relative percent differences of 114% and 180%, respectively. It is possible
that the low relative percent difference for the initial and final samples was fortuitous. However, it is
more likely that solids inhomogeneity or a subsampling error was the cause of the variability in this
analysis. While these are the most likely explanations, the issue is still not clear, since the remaining
solids results in Table 3.12 and 3.13 showed reproducibility between the duplicate subsamples.

Given a value of 1.62 wt% for the final diluted slurry, a value for the initial precipitated slurry of 1.93
wt% (1.62*1.19=1.93) would be anticipated. If we use the initial entrained solids value of 0.62 wt%
and add the expected mass for St/TRU precipitate, we estimate 1.94 wt% solids. This is very close to
the wt% solids predicted earlier based on ICP chemical analysis of the washed solids, 1.85 wt%.

Table 3.14. Results of Wt% Residual Solids and Undissolved Solids Calculation Following Drying at
105°C for 24 Hours for Samples of AN-107 Diluted Feed (AN-107 PT), St/TRU Precipitated Slurry
(DF-05 and DF-06), and Diluted Slurry (DF-13)

Sample Wt% Residual Wt% Residual Wt%
Centrifuged Solids Centrifuged Undissolved

Supernatant Solids
AN-107 PT 50.5 43.5 0.56
AN-107 PT Duplicate 51.7 43.4 0.67
AN-107 PT Average - - 0.62
Relative % Difference - - 18%
DF-5 67.1 333 6.6
DF-5 Duplicate 44.9 36.0 1.8
DF-5 Average - - 4.2

Relative % Difference - - 114%
DF-6 43.8 43.6 0.06
DF-6 Duplicate 44.6 38.9 1.21
DF-6 Average - - 0.64

Relative % Difference - - 180%
DF-13 41.6 29.6 1.67
DF-13 Duplicate 41.4 29.9 1.58
DF-13 Average - - 1.62
Relative % Difference - - 6%
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3.6 Rheological and Flow Properties

Examples of typical rheograms for the initial AN-107 diluted feed and Sr/TRU precipitated waste are
presented in Figures 3.7 and 3.8. All of the rheograms for the standards, samples, and duplicates are
included in Appendix C. As seen in these examples, the slurry exhibits Newtonian behavior, as there
is a nearly linear relationship between shear stress and shear rate over the shear rate range examined
and no detectable yield stress. Since the viscosity is the ratio of the shear stress to the shear rate, the
viscosity was nearly constant over the shear rate range examined for all samples. The viscosity of the
initial diluted feed was between 10-12 cP, and the viscosity of the St/TRU precipitated slurry was
between 7-18 cP.
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Figure 3.7. Initial AN-107 Diluted Feed: Sample 1
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4.0 CONCLUSIONS AND RECOMMENDATIONS

The new processing scheme for St/TRU removal involving precipitation by added strontium and
permanganate worked well. Very high decontamination of Sr and TRU in AN-107 waste was
accomplished with added concentrations of 0.075M Sr and 0.05M permanganate. These results
support the use of lower concentration of reagent additions than used in this study. Optimization
studies should be conducted to examine the reduction in added hydroxide from 1M to 0.5 M,
reduction of Sr from 0.075M to 0.05M, and reduction in permanganate from 0.05M to 0.03M. The
4-hour digestion at 50°C appears unnecessary to obtain high decontamination of Sr and TRU using
this treatment scheme. Adequate DFs were obtained after addition and thorough mixing of the
reagents before the solids were digested. Mixing the precipitate for 1-hour at ambient temperature
should be examined in future studies. However, these data indicate that thermodynamic equilibrium
with the St/TRU precipitated solids was not reached during the processing time involved. Longer
contact times may be required to allow equilibrium to be reached and reduce the possibility of the
formation of solids after the filtration process.

The combined entrained solids and St/TRU precipitate was successfully filtered in the single element,
crossflow filtration unit. At the preferred operating conditions, transmembrane pressure (TMP) of
50 psid and crossflow velocity of 12.2ft/sec, the average filtrate flux was 0.03 gpm/ft* or 1.75
m’/m’/day and the permeability was 0.53 m/day/bar. The filtrate flux was not as high as earlier tests
with an archived AN-107 sample (0.11 gpm/ft*), but this result was expected because of the higher
concentration and presence of settled solids in the AN-107 diluted feed. The combined entrained and
St/TRU removal solids content of the waste slurry was quite low, 1.9 wt%. The waste could only be
dewatered approximately 50% to a solids content of approximately 4 wt% because of the large
minimum operating volume of the CUF (~700-mL) and the limited amount of solids. The vacuum,
air-dried solids were 36.6 wt% solids (63.4 wt% moisture). It appears that it will be difficult to
dewater the combined entrained solids and St/TRU precipitate to the target value of >20 wt% solids
by crossflow filtration. Solids washing in the CUF may allow higher solids levels but would require
larger tank samples be treated for the CUF experiment, approximately 7-L samples of waste. Future
tests should be conducted with larger tank waste samples to allow the determination of performance
of the filter to higher solids content and evaluate the impact of washing in the CUF system.

The viscosity of the Str/TRU precipitated slurry (1.9 wt% solids) was between 7-18 cP. The slurry
showed a nearly linear relationship between shear stress and shear rate over the shear rate range
examined and no detectable yield stress, i.e., Newtonian behavior.

The performance of the CUF system degraded with processing time. Frequent backpulsing could
help keep average filtrate flux rates higher but could not recover or prevent degradation of filter
performance with time. Rinsing and backpulsing the system with clean water was not adequate to
restore filter flux. After some period of time, the unit/filter will require chemical cleaning such as the
IM nitric and 0.2M citric acid used for these studies. An external filter was also used to reduce the
time and volume of water required for the final cleanup up the system. Additional studies need to be
conducted to evaluate options for filter element cleaning, and impact to design if nitric/citric acid is
required for filter cleaning.

The chemical decontamination of AN-107 waste with added Sr and permanganate is very rapid and
occurs at room temperature in a matter of minutes. The filterability of the waste slurry and potential
for post filtration precipitation will likely be the determining factor for the Sr/TRU removal process
conditions. The waste as received from the tank is not filterable since the entrained solids rapidly
foul the filter element. The Sr/TRU removal treatment results in a waste that can be filtered, the
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permanganate treatment greatly increasing the filterability by crossflow filtration. The filtration is
still difficult with lower than expected flux rates, the filter element performance reduces with time,
and the level of solids concentration impact of solids washing is unknown. Additional filtration

studies need to be conducted and processing schemes involving solids settling/decant, precipitate
recycle, and/or alternate dewatering should be considered.
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1.0 Applicability

This test instruction is to be used to perform studies on permanganate treatment for St/TRU
removal and precipitate removal from AN-107 diluted feed. The entrained solids will not be
removed prior to St/TRU precipitation. The combined entrained solids and Sr/TRU precipitate
will be removed using the Cell Unit Filter (CUF) in the HLRF A-cell from approximately 1.4-L
of AN-107 diluted feed.

2.0 Supporting Documents

This test instruction is not a stand-alone document. It will be used in conjunction with PNNL
Operating Procedure BNFL-TP-29953-020 which contains the necessary procedural information
for the safe operation of the CUF. It is also linked to PNNL Test Plan BNFL-TP-29953-013
Rev. 1 which contains an overall description of the goal of this effort, ES&H compliance,
emergency response, and the hazards assessment and mitigation.

3.0 Responsible Staff

The staff responsible for executing this test plan are as follows.
' e Task Managers — Rich Hallen
SFO Manager — Randy Thornhill
Test Scientists/Engineers — Kriston Brooks, Lynette J agoda and Rich Hallen
Hot Cell Technician —Don Rinehart, and Ralph Lettau
Radiological Control Technician

4.0 Materials, Equipment, Supplies and Reagents Needed

4.1 Materials Required

1. Twenty 20 mL glass scintillation vials for filtrate and slurry samples, pre-labeled on
top and side as follows: DF-01 through DF-20.

2. Four 1 liter polyethylene bottles. They should be labeled as follows: “AN-107 DF
CUF Filtrate,” “AN-107 DF Filtrate (filter unit receiver),” “CUF Dewatered Slurry,”
and “CUF AN-107 DF First Rinse.”

3. Four 100 mL bottles for each wash solution labeled wash 1 through 4. These can be
filter unit bottles if small ones are available.

4. Two 10 liter containers, one labeled for the alkaline rinses and the other labeled for

the acidic rinses.

Containers for draining from the bottom of the pump and from the sample valve.

6. 12 liters of 0.2 micron filtered DI water for determmmg clean water flux and for
rinsing the CUF

Lh

4.2 Equipment

1. 4000 gram balance

2. pH paper

3. Hand held camera. To be used to read filtrate flowmeter.
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4. Stopwatch

5. Calculator

6. CUF Ultrafiltration system with 100 mL plug in place using 0.1 micron Mott-L filter
and new pump rotor

7. 1000 W Chiller

8. 4-L flask (large funnel for waste addition)

9. hot-stir plate

10. big stir bar

11. syringe/tube for sampling 4-L flask

12. 1-L deadend filtration unit and four 150 mL units

13. 5-mL pipette (4 needed) ‘

14. 10 mL volumetric flask for density determination (ball flask)

4.3 Reagents Needed

1 liters of IM HNO, + ~0.1M Citric Acid

1 liter of 5 ppm hypochlorite solution (pH > 7)
264.6 mL of 3.5185M NaOH

96.6 mL of 1.0M NaMnO4

142.8 mL of 1.0M Sr(NO3)2

250 mL of 0.01M NaOH (wash solution)

4.4 Other Supplies

1. Workplace Copy of Operating Procedure BNFL-TP-29953-020
2. Extra Copies of Data Sheets 1, 2, and 3

3. Laboratory Record Book

4. DAS disk for recording data

5.0 Test Instructions for CUF Operation and Permanganate Treatment

The laboratory record book (LRB) shall be used to record other testing information as required
by this procedure and all test conditions not stated by this procedure.

Cross-contamination between samples and contamination of samples from outside sources must
be minimized at each step. Use new tools and bottles for each sample as much as possible.
Those tools that are reused should be washed and rinsed prior to reuse.

Keep all test materials in sealed containers as much as possible to prevent them from drying.
5.1 Pre-start for Sr/TRU Precipita.tion and CUF Operation

5.1.1 Inventory materials, equipment, supplies, and reagents to ensure all required items are
available. Assure that all materials have been modified for remote handling.

5.1.2 Do the following and initial and date when each item is completed.
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Review PNNL Operating Procedure BNFL-TP-29953-020.

g’&w Review the work instructions in BNFL-TI-29953—052 -

/S .1.3 Conduct the “0.0 Pre-Start” operations in BNFL-TP-29953-020. Drain the system é 03 A m
0

verflow container.

Jolie © dleofﬂ

5.1.4 Perform “1.0 Start-Up” operations in BNFL-TP-29953-020 with 1 liter of filtered DI water Ofer
with one variation: V4 the filtrate control valve should be closed. Run CUF for 5 minutes at @&Sﬂ 3
between 4-6 gpm. In-line pressure should be varied from using V1 from 10 to 70 psig. Ensure e
that there are no leaks in the system. If leaks are detected, shut down system immediately.

5.1.5 Conduct the “10.0 Draining the system” operation in BNFL-TP-29953-020.
5.1.6 Perform “1.0 Start-Up” operations in BNFL-TP-29953-020 with 1.0 liter of filtered,

distilled water with one variation: V4 the filtrate control valve should be closed. Run CUF for 5
minutes at between 4-6 gpm. In-line pressure should be varied from using V1 from 10 to 70

psig.
5.1.7 Conduct the “10.0 Draining the system” operation in BNFL-TP-29953-020.

5.1.8 Perform “1.0 Start-Up” operations in BNFL-TP-29953-020 with 1.0 liter of filtered,
distilled water

5.1.9 Perform “6.0 Back pulsing” operations in BNFL-TP-29953-020.

5.1.10 Shut off the system and conduct the “10.0 Draining the system” operation in BNFL-TP-
29953-020.

5.1.11 Perform “1.0 Start-Up” operations in BNFL-TP-29953-020 with 1.0 liter of filtered,
distilled water.

5.1.12 Determine clean water flux. Conduct the “3.0 Operation during Ultrafilter Recycle
Mode” operations in BNFL-TP-29953-020 using the conditions below. Filtrate flow rate should
be monitored and data collected in the operating procedure. Each test should be performed for
only 20 minutes and the system should be back pulsed. After each condition, the test engineer
should initial and date the table below.

Transmembrane Initial and date

Condition Flowrate (gpm) Pressure (psig) when complete
1 4.20 10
2 4.20 20
3 4.20 30
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5.1.13 Shut off the system and conduct the “10.0 Draining the system” operation in BNFL-TP-
29953-020. Drain as much as possible water out of the system. Be sure to drain the pump also.

5.2 Waste for St/TRU Removal Treatment

NOTE: The CUF clean water flux can be completed after Step 5.2 or while the waste is
digesting (4 hours of heating)

5.2.1 Check balance calibration and record information below.

M&TE List:

| Pm Y400
MBalance I m l Jr 0(0\
Calib ID 502 - 0b -0 Calib Exp Date (152 2000

Location _M&LQ_S oudh
MBalance 2. Medllo~ £M HO? 0

05
Calib ID 342 -0b-0'" "Calib Exp Date_8 ) 20°°
Location & cell W ol

Thermocouple:
cawidy “TLIaS—%d7 Calib Exp Date 9-200 /
Location Themégcsz){igg?ycﬁe é
Digital Thermometer: F ( A &= |
caibId M 275 Calib Exp Date__ = 1°° @

Location A- Cc/{z( Saajf)«»

5.2.2 Setup the ppt reaction equipment as specified. Record the tare weight of the reaction flask
and the stir bar. This may be done outside the hot cell. The precipitation is to be conducted in a
4-L flask. Secondary containment should be used to allow recovery from a possible breach of
the 4-L flask. Place stir bar in flask.

M Z ? é (
Tare weight of reaction flask __— M W
Tare weight of stir bar 3 )/ f_-ﬂ ff ?

Not all of the AN-107 Diluted Feed is to be used for this test. Approximately 400 mL should be
saved for future Sr/TRU optimization studies. Record the weights of waste/jar(s) below.
Swirl/mix the jar(s) of waste thoroughly. Transfer 1.4-L or 1848 grams of waste to the reaction
flask. (The supernate density is reported as 1.32 g/mL.) There should be some solids that may
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have settled. Jar UFE is reported to have some Y inch chucks of solids. If solids are observed,
record observation (record observations in the LRB).

Jar Tare, g Total, g Sludge, g volume, mL  Identify Jars Used
AN-107 UFA  356.65 738.27 381.62 289.10 poR
AN-107 UFB  351.27 915.85 564.58 427.71 (VY St
AN-107 UFC  357.33 919.98 562.65 426.25 Say —
AN-107 UFD  356.68 922.60 565.92 428.73 LS<€
AN-107 UFE  358.14 706.10 347.96 263.61 we <~
Sum Total 2423 g 1835 mL

5.2.3 Record the weights of the jars with lid in the spaces provided below. Pour waste into
reaction flask. I large funnel may be necessary to prevent spill any waste since the jars are near
full. Also, if large chucks of solids are present, use a piece of plastic screen in the funned to
remove the solids. Calculate the amount of material transferred to the reaction flask.

titreso f

Jar . Jar + Waste  Empty Jar Waste, g volume, mL l‘F large g‘f‘m .‘(:IL-— 3.5 M
AN-107 UFA Y137, 269- 953 3771797 sol'd vemain, be
AN-107 UFB C'P/, Sb 355{.38 56D.776 Audh golution 7 7, -
AN-107 UFC —_— e od 4o vinel st d
AN-107 UFD GZL. 206 _367.417 562.893 s L vins e dovn funne
AN-107 UFE 70K, 29 36l.268 z4¢ 022 ar AN

Sum Total
o a 1394.06

Reported Density = 1.32 g/mL Total volume added 3 ? . m

5.3 Permanganate Treatment of AN-107 Diluted Feed

5.3.1 Turn on stirrer. -Turn on the temferature recording devise. Record temperatures of cell
and waste. Flaslec TE veass 3/.9 before waste a ded

5.3.2 While continuously stirring the waste sample, personnel are to slowly (over a 2 minute
period) add 264.6 mL of 3.5185M NaOH. This is the entire content of the bottle labeled 3.5M
NaOH.

, s -
Tare bottle of 3.5M NaOH é’ff 2531 .f({ /V-‘tl f/ﬁﬂcf’ 2‘/6/4:,{6 ;

Tare Empty bottle__ 55/, 7623
Weight Added_ 7.9(, . 5 L_W,?

-

y =

5.3.3 While continuously stirring the waste sample, personnel are to stowly (over a 10 minute
period) add 142.8 mL of 1.0 M Sr(NO,),. This is the entire content of the bottle labeled 1M Sr.

are bottle o r 56'7 l Jee WM
?are ;n?;ty é;tlt\fes 25/, 31‘_’2 9 l.f ?, 7‘-{’ M D
/ L]

Weight Added {65 Hﬂl@
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5.3.4 While stirring, slowly (over a 10 minute period) add 96.6 mL of 1 M NaMnO,. This is the
entire content of the bottle labeled 1M NaMnO4

Tare bottle of IM NaMnO4 334-%% Swp/uy—lﬂaf ?éf—/é MLQJ&(
Tare Empty bottle 229,321 ¢ 32,1»3

Weight Added___| 99 5 5% a

5.3.5 Allow the waste to thoroughly mix after addition of all of the reagents, i.e. stir for 30
minutes. After 30 minutes collect 40 mL of slurry in a bottle. (Put this aside and turn heater on.)
then while heating, use a 10-mL volumetric flask (ball flask) to determine the slurry density for
duplicate samples. Pour contents back into the bottle. Filter two, 20 mL samples in vials DF-01
and DF-02 for chemical analyses. Record the weight and sample number in Data Sheet 3. / »}’W!A{
7 |44

F-o| ~%t
Tare flask q 17' f?-C:l Dp/D aq —pT i
Flask plus 10 mL ofslu%y A2 ‘ /47 ﬂ L
Weight of 10 mL slurry } 2577 09 density of slurry / 29 Z g/mL

Tare flask 0/ 5 _ZZ&_
Flask plus 10 mL of slurry Ll 5 5 LI[O

Weight of 10 mL slurry_ (2., 9¢ Lj; density of slurry /i 2-'73/ g/mL

53.6 Heat the waste mixture at 50 £ S°C with stirring for 4 hours. Thermocoaple reads 42.5°C
50°Cc @

5.3.6 Turn off the stirrer and allow the waste to cool to 25 = 5°C. If possible, use a video

recorder to document the settling behavior of the waste mixture. Record the volume of settled

solids if possible. mL

5.3.7 Collect and filter two 20 mL samples for transfer to SAL for chemical analyses in vials
DF-03 and DF-04. Record the weight and sample number in Data Sheet 3. These samples need
to be filtered with 0.45 um syringe filter, and density of the filtrate determined. Then submitted

for chemical analyses. ~—
é chemical analyses e C/@%w )/LO"(’LL[\ 0L 9
Tare flask \ 5 mi | - T~ lA—eA’C

Flask plus 10 mL o%
Weight of 10 mL filtrate’ density of filtrate g/mL
Tare flask

Flask plus 10 mL OW
Weight of 10 mL filtrate density of filtrate_ ™~ g/mL

-~

5.4 Completion of Permanganate Treatment/Precipitation and Startup of CUF Testing

(The CUF testing is to occur as soon after precipitation as possible. If for some reason, a
delay is required contact the task manager for further instruction, work 375-6919 or home
943-5846.)
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R . . alve b e "
5.4.1 Verify that the M&TE List has been completed (and are working). (‘CJ&% ‘i pumaf‘ e Save !

' " g is epwation« |
5.4.2 Conduct the “1.0 Start-Up” operations in BNFL-TP-29953-020 using permanganate | , 4p«e addi

treated AN-107. Remove the stir bar. Record the weight of the reaction vessel and ppt.  g/yrvy o
Swirl/mix the waste slurry thoroughly before transferring to the CUF slurry reservior. There will (A - .
be some solids left in the flask but try to minimize these by swirling the flask during the transfer rgseV'JO \v
of the final small volumes of wastes. If excessive solids remain, consult with the cognizant %f)ﬂ@/
scientist/engineer or task leader on recovering these solids. A small amount of supernate could
be pipetted from the slurry reservoir to wash these solids out of the flask. Record the method of
recovery on this test instruction or in the LRB.

i RN

. -
5.4.3 Record the weights of waste and reaction ﬂaskf « N \ 8 5
~ %
Vessel and ppted AN-107 S09.34 ¢ <"
Empty vessel__[330.22 ¢ Weight transferred to CUF 7L 289.0J¢

5.4.4 Record the level in the slurry reservoir sight glass.

Height _ [Net doken inches

5.5 CUF Operation: Sr/TRU Precipitate Removal Test with AN-107 Diluted Feed

’\f This heeds +v be Completed after %300 A S0
5.5.1 Obtain slurry samples following “7.0 Slurry Sampling” in BNFL-TP-29953-020. The Pq_u, | C
3 samples should be taken before any filtration tests. The first two slurry samples should notbe ~ ~( Mo '
L saved, but dumped back into the slurry reservoir. Allow the waste to recirculate in the CUF for 5 }‘ / 64"
> minutes with no filtration, i.e. the CUF pump in operation, and the throttle valve completely rh e :
! i ra/ﬁ-bpen (no pressure or filtrate flux). While the waste is recirculating, use the slurry sampling value m
9 m to collect two 40-mL slurry samples and conduct rheological measurements. Transfer the waste

—

back to the slurry reservoir. Collect two 20-mL slurry samples in vials DE-05 and DF-06. Use

. ~297

Wa‘/ one for physiﬁ?erty measurements and store the other. Record the weight and sample v
- number in Datg. 8heet 3 Booll

= et 3Luf

5.5.2 Conduct the 3.0 Operation during Ultrafilter Recycle Mode” operations in BNFL-TP-

29953-020 using the conditions below. Filtrate flow rate should be monitored and data collected

as specified in the operating procedure. After each condition, the test engineer should initial and

date the table below. If no filtrate flow occurs or the filtrate flow is less than 10 mL/min,

discontinue testing, back pulse, and move to the next condition. S
=) Lugest Ve collect 4 Srhgle £l trate semple during ¢ach cead ition

NOTE: Test conditions below are suggested and conditions do not need to be run for the full 1 e

hour if filtrate flux drops to low values. Collect data at 10 minute intervals on data sheet.
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Transmembrane Initial and date
Condition Flowrate (gpm) Pressure (psig) when complete
N{ 1 Cood sl 4.20 50 R 8[%/ay
o 3 (i fsampw 420 70 E sy
4 3.13 Optimum from 1-3 | —#=2 s/, /49
3 2V jamp®) 523 Optimum from 1-3 78 /%99
6 pull| Sen 420 50 Ol 94/
% {pwsapeOptimum from 1-6 Optimum from 1-6 <7< ,"';pfp ', A '
e 77 -

+ -r""“f‘}:_‘. - g\ @na Fho
Nwp "% 5 3 Conduct dewatering in CUF. Follow procedure in BNFL-TP-29953-020. Conduct
dewatering using condition 7. Collect the filtrate in the tared 1-L bottle labeled “AN-107 DF
CUF Filtrate.” Back pulse as necessary to keep filtrate flux to acceptable levels. The volume
will only be reduced to ~800 mL in the CUF. Additional dewatering will be done using deadend o +

filtration. 0b +=in densi

cuE FEofvate
Tare weight of AN-107 DELUF Filtrate Bottle __[ 4. SO wsywy o ml
Bottle and filtrate 17,776 Weight of CUF Filtrate //43.2b VO[WWQ%M

554 Obtain two 20-mL filtrate samples following “8.0 Filtrate Sampling” in BNFL-TP-29953-
020 and using the pre-labeled sample vials after approximately half of the dewatering in the CUF
has been completed. Record the weight and sample number in Data Sheet 3. One will be used
for chemical and radiochemical analyses and one stored.

5.5.5 Conduct the “11.0 Shutting down” operation in BNFL-TP-29953-020.

5.6 Draining the Dewatered Slurry from the CUF

5.6.1 Tare the 1 liter bottle labeled, “AN-107 DF CUF Dewatered Slurry.”

Weight of bottle and lid [06.)0 g

5:6.2 Conduct the “10.0 Draining the system” operation in BNFL-TP-29953-020. Collect slurry
in 1 liter bottle. Make sure as much materials as possible has been collected. This material will
be further dewatered using a deadend filter unit. Weigh bottle after all slurry has been removed

from the CUF. ‘ 7 7 OQ,% Wﬂ
Weight of slurry, bottle and lid C{ g ' % g

Weight of material collected 2%2.93 ‘-'/- g 3 9C

——

NOTE: Proceed with rinsing the CUF and conduct 5.7 Dewatering using 2 Deadend Filtration
Unit when time allows. This can start as soon as the initial rinse of the CUF is completed.

sk L4444y Loneflesle LT LLS
Dlasle +AilHucde 22.276 g Claos lybr W 23508 9

deiity 1,285 dodrly 12523
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Test Instruction 29

5.6.3 Conduct the “9.0 Rinsing the system” operatiyn in BNFL-TP-29953-020. The first rinse
should be done with 1 liter of distilled water. This Jiquid should be collected and saved in t{}/z
container labeled “AN-107 DF CUF First Rinse.”” The second rinse should be done with Z Titers
of filtered, distilled water, and the final rinse with 1 liter filtered, distilled water. The second and
third rinses should be collected separately from the first in the alkaline rinse storage container.
NOTE: Once the CUF has been rinsed you may proceed to Section 5.7 and come back and
complete the CUF cleanup later.

/:' tfer
ws e

5 6.4 Perform “1.0 Start-Up” operations in BNFL-TP-29953-020 with 1.0 liter of filtered,
distilled water.

5.6.5 Perform “6.0 Back pulsing” operations in BNFL-TP-29953-020.

5 6.6 Determine the clean water flux at 20 psid transmembrane pressure and flow rate of 4.2 ‘/
GPM following “3.0 Operation during Ultrafilter Recycle Mode™ operations in BNFL-TP-29953-
020. Filtrate flow rate should be monitored and data collected in the operating procedure. Data
should be collected for at least 20 minutes and the system should be back pulsed.

5.6.7 Shut off the system and conduct the “10.0 Draining the system” operation in BNFL-TP-

29953-020. 6‘/5’1"”" Aid pet claer wp u}—(’la.wa)rwwly

5.6.8 Conduct the acid wash of the CUF unit with IM HNO3/0.1-0.2M Citric Acid as described
in the CUF operating procedure if needed to regain clean water flux. The acidic solution should
be allowed to sit in the CUF overnight. When drained, the acidic solution should be placed in a

separate container.

56.9 The CUF should be drained according to “10.0 Draining the system” operation in BNFL-
TP-29953-020 and rinsed at least 3 times with filtered, distilled water to bring the pH back up to
neutral. The acidic solutions should be placed in a separate container from the alkaline ones.

5.6.10 Perform “1.0 Start-Up” operations in BNFL-TP-29953-020 with 1.0 liter of filtered,
distilled water.

5.6.11 Conduct the “3.0 Operation during Ultrafilter Recycle Mode™ operations in BNFL-TP-
29953-020 using the conditions below. Filtrate flow rate should be monitored and data collected
in the operating procedure. Each test should be performed for only 20 minutes and the system
should be back pulsed. After each condition, the test engineer should initial and date the table
below.

Transmembrane Initial and date

Condition Flowrate (gpm) Pressure (psig) when complete
1 4.20 10
2 420 20

10
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3 | 4.20 | 30 | |

5.6.12 Shut off the system and conduct the “10.0 Draining the system” operation in BNFL-TP-
29953-020.

to £ Iq K low
5.7 Dewatering with the Deadend Filter Unit ‘F’ HV“' aMCL g (v V}/
s recombe. BT

5.7.1 Tare the 1-L receiver bottle/lid and filter assembly/lid of the filtration unit. ~ d' ’""J—m

— ba’ ns “ = o “
Tare of receiver bottle and lid bb 9 520 S

Tare of the filter assembly and 11d [Q e 7 7 S j Tl 2/ i

5.7.2 Assemble 1-L filtration unit and filter all of slurry in bottle labeled “CUF Dewatered
Slurry.” Solids should have settled on setting. Decant most of the supernate from the bottle and
filter. The supernate should filter quite fast. When approximately half the material has been
filtered, swirl the bottle to suspend the solids. Continue filtering the slurry. If excessive solids
remain in the bottom of the bottle, small amounts of filtrate can be used to rinse the solids from
the bottle. Record weight of empty bottle. Filter the solids until compacted on filter and no free
liquid remains. Disassemble filter unit and weigh

Tare of receiver bottle/lid and filtrate Weight of filtrate
Tare of the filter assembly/lid and wet solids Weight of wet solids

573 The two 1-L bottles of filtrate, CUF filtrate and the deadend filtrate, should be transfer to
SAL and combined to make a composite filtrate. Take duplicate samples of the filtrate
composite. Record weight of each filtrate and vial used on Data Sheet 3.

5.8 Sr/TRU Solids Washing

Note: Additional filter units should be available because the filters may plug durmg
W ashmg > / 6«/(

’ 1/&«- :.7' phnsoh
5.8.1 The Sr/TRU solids are to be washed with four equal volumes4f stabilized water (0.01M ?/}f/f/
NaOH). Place the filter assembly containing wet solids on,a tarpd receiver flask labeled wash 1. 256 £r,
Estimate the volume of compacted solids on the filter. Us€2 times the solids volume of wash j
solution but-not-mere-then66mt Tare a 100 mL graduated cylinder. Add the volume of water. @7/)94
Record the weight. With the vacuum turned off, pour the wash water on to the wet solids, record

weight of empty graduated cylinder. Allow the solids to rewet before turning the vacuum on.

Then filter the solids until compacted on the filter and no free liquid remains. Disassemble and

weigh receiver flask and filter assembly/solids.

Tare graduated cylinder + __ mL of wash - weightofwash__

Tare of receiver bottle and lid
heeh mone V45 h fﬂ/“jlwh and

69 e Jall i /,7@(1&/”/77 d&wo{,/ Md(a;/z{/a/‘«

large” 7 /“u)Qb(,L Solutyn loettles.
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Tare of receiver bottle/lid and wash Weight of wash 1
Tare of the filter assembly/lid and washed wet solids

5.8.3 Repeat 5.8.1 for second wash and record weights. (Wash 2)

Tare graduated cylinder + ___mL of wash weight of wash
Tare of receiver bottle and lid
Tare of receiver bottle/lid and wash Weight of wash 2

Tare of the filter assembly/lid and washed wet solids

5.8.4 Repeat 5.8.1 for third wash and record weights. (Wash 3)

Tare graduated cylinder + ___mL of wash ___weight of wash
Tare of receiver bottle and lid
Tare of receiver bottle/lid and wash Weight of wash 3

Tare of the filter assembly/lid and washed wet solids

5.8.5 Repeat 5.8.1 for fourth wash and record weights. (Wash 4)

Tare graduated cylinder + __ mL of wash weight of wash
Tare of receiver bottle and lid
Tare of receiver bottle/lid and wash Weight of wash 4

Tare of the filter assembly/lid and washed wet solids

5.8.6 Using a pipette, transfer 5 mL from each of the 4 wash samples to separate vials (this
volume does not have to be accurate) and transfer 5 mL of each wash solution into a single vial
for a composite wash sample. Record the weight and sample number in Data Sheet 3 for each
individual sample and for the composite sample. The individual wash samples will be analyzed
by ICP only. The composite will be used for chemical and radiochemical analyses.

5.8.7 Tare a jar and transfer the wet solids out of the filter assembly. Record the weight of wet
solids in the jar and the weight of the filter assembly after the solids have been removed. Dry the
solids for at least 24 hours at 105 °C and record the weight of dry solids. Transfer 1 gram of
solids to a 20 mL vial for chemical analyses. Record vial number and weight on Data Sheet 3.

Tare Jar Jar plus wet solids Weight of wet solids
Jar and dry solids weight Amount of dry solids

5.8.8 Retain all filtrate, wash solution, and solids for future testing.
5.10 Experimental Clean Up and Sample Disposition.

Clean up all of the equipment used.

12
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Do not discard any samples without written instructions from the task manager. Duplicate
samples were collected at all sampling points, but only primary samples submitted for analyses.
The duplicates are to be retained until review of the analytical data is completed and notification
is writing is received to dispose of these samples. The alkaline and acid CUF wash solutions
should be disposed of properly.

6.0 Sample Analysis

The point of contact for the sample analysis of the filtrate, slurry, wash, and washed solids
samples is Mike Urie and Rick Steele. Table 1 listed the analyses to be performed on the
samples.

The first two slurry samples need to have slurry density determined. This can be during the
tests or before analytical sample prep. Once the density is determined the samples should be
filtered with a 0.45 micron disposable syringe filter as soon as possible (can be filtered in A-
cell when taken if density determined). The digested ppt samples should also be filtered as
soon as possible.

Only one sample of each wash and one wash composite will be collected and analyzed until
the data can be reviewed. If any inconsistencies are seen, the original wash solutions will be
resampled and analyzed again. The wash solutions will not be combined so they may be

sampled individually or a composite sample remade.

Table 1. Samples Taken during Testing and Their Required Analyses

Process Step N;K:;;:f S,?;:):e Step Analysis D::L::;ii:n
Precipitated Feed 2 Slurry After Precipitation Physical Properties slurry density
(.45 micron filtrate) Filtrate (Before Digestion) Chemical Analyses Sr-90, ICP, AEA
Digested PPT (0.45um) 2 (store 1) Filtrate After Digestion Physical Properties filtrate density

Chemical Analyses Sr-90, ICP, AEA

Recycled slurry 2 (40 mL) Slurry CUF sampled Rheology viscosity

2 (store 1) Slurry CUF sampled Physical Properties Table 4
Middle De-water Step 2 (store 1) Filtrate During Condition 2.8 Chemical Analyses Table 2
Filtrate Composite 1 Filtrate CUF + deadend Chemical Analyses Table 2
Four Washes 1 each Filtrate After Each Wash Chemical Analyses ICP Only (Na)
Wash Composite 1 Filtrate After All Washes Chemical Analyses Table 2
Washed Solids 2 Dry Solids Final Solids Chemical Analyses Table 2

13
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Analyte Washed Solids Filtrate and Wash Solutions
Minimum Reportable Quantity Minimum Reportable Quantity
(MRQ) uCi/gm (MRQ) pCi/ml

Cesium-137 6.0E-02 9.0E+00
Strontium-90 7.01E+01 1.5E-01
Technetium-99 6E+00 pgm/gm 1.5E-03
Americium-241 1.2E-03 7.2E-04
Europium-154 6.0E-02 2.0E-03
Europium-155 6.0E-02 N ,4lg-2 9.0E-02
Plutonium-239/240 (—6-6E+H0pngmigm /o / 9.6E-03
Total Alpha SS<—10E-03— 2.3E-01
/  pgm/gm pgm/ml

Al £ 33E+02 7.5E+01

Ba / 6.0E+02 7.8E+01

Ca / 1.8E+02 1.5E+02

Cd [ 1.IE+01 7.5E+00

Co 3.0E+00 3.0E+01

Cr 1.2E+02 1.5E+01

Cu 1.8E+01 1.7E+01

Fe 1.4E+02 1.5E+02

K 1.5E+03 7.5E+01

La 1 6.0E+01 3.5E+01

Mg | 5.4E+02 1.5E+02

Mn | 3.0E+02 1.5E+02

Mo | 6.0E+00 9.0E+01

Na 1.5E+02 7.5E+01

Ni 1.6E+02 3.0E+01

Pb 6.0E+02 3.0E+02

Si 3.0E+03 1.7E+02

St 3.0E+02 8.7E+01

Ti 1.5E+02 1.7E+01

U | 6.0E+02 6.0E+02
Zn 6.0E+00 1.65E+01

TOC 6.0E+01 1.5E+03

TIC 3.0E+01 1.5E+02

Cl 2.3E+02 3.0E+00

F / 7.5E+03 1.5E+02

NO3 ] 4.5E+02 3.0E+03
SO4 / 1.2E+03 (as S) 2 3E+03

PO4 | 6.0E+02 (as P) 2.5E+03

% L2 &% (’%ﬂ'ﬂ"'m)
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Table 3. Description of Analyses
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Constituent Analysis Method PNNL Procedure No.

Cs-137 (Eu-154, Eu-155) GEA PNL-ALO-450
Strontium-90 (Yttrium-90) Separations and Beta Counting PNL-ALO-476/431
Tc-99 ICP/MS PNL-ALO-281
Am-241 (Cm-244, Pu-238, Pu- :

239/240) Separation and AEA PNL-ALO-417/496
Metal Ions (see Table 2 list) ICP-AES PNL-ALO-211/280
TOC/TIC Hot Persulfate PNL-ALO-381
Anions I1C PNL-ALO-212

. Autotitration - EPA SW-846
Hydroxide Modified Method, 310(3) PNL-ALO-228

Table 4. Physical Properties Measurements

Analysis

Bulk Density

Supernatant Density

Particle Size Distribution

Viscosity

Suspended Solids Loading:

- Weight % Insoluble Solids in Slurry

15
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4.0 Materials, Equipment, Supplies and Reagents Needed

4.1 Materials Required

1. Four 1 liter polyethylene bottles. They should be labeled as follows: “AN-107 DF
CUEF Filtrate,” “AN-107 DF Filtrate (filter unit receiver),” “CUF Dewatered Slurry,”
and “CUF AN-107 DF First Rinse.”

2. Four 100 mL bottles for each wash solution labeled wash 1 through 4. These can be
filter unit bottles if small ones are available.

3. Two 10 liter containers, one labeled for the alkaline rinses and the other labeled for
the acidic rinses.

4. Containers for draining from the bottom of the pump and from the sample valve.

5. 12 liters of 0.2 micron filtered DI water for determining clean water flux and for
rinsing the CUF

4.2 Equipment

1. 1-L deadend filtration unit and four 150 mL units

2. 5-mL pipette (4 needed)

3. Four, 10 mL volumetric flask for density determination (ball flask)

4.3 Reagents Needed

1. 1 liters of IM HNO, + ~0.1M Citric Acid

2. 1 liter of 5 ppm hypochlorite solution (pH > 7)
3. 250 mL of 0.01M NaOH (wash solution)

4.4 Other Supplies
1. Workplace Copy of Operating Procedure BNFL-TP-29953-020
2. Extra Copies of Data Sheets 1, 2, and 3
3. Laboratory Record Book
4. DAS disk for recording data
5.1 Pre-start for Sr/TRU Precipitation and CUF Operation

5.1.1 Inventory materials, equipment, supplies, and reagents to ensure all required items are
available. Assure that all materials have been modified for remote handling.

5.1.2 Do the following and initial and date when each item is completed.
Review PNNL Operating Procedure BNFL-TP-29953-020.

z?f/Revisw the work instructions in BNFL-TI-29953-052.—'W

5.1.3 Conduct the “0.0 Pre-Start” operations in BNFL-TP-29953-020. Drain the system

overflow container. §
‘/?/7/47 _ LUF Agpned bﬂ A ,G/ﬁy —
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5.1.4 Perform “1.0 Start-Up” operations in BNFL-TP-29953-020 with 1 liter of filtered DI water
with one variation: V4 the filtrate control valve should be closed. Run CUF for 5 minutes at

between 4-6 gpm. In-line pressure should be varied from using V1 from 10 to 70 psig. Ensure -
that there are no leaks in the system. If leaks are detected, shut down system immediately.

5.1.5 Conduct the “10.0 Draining the system” operation in BNFL-TP-29953-020.

5.1.6 Perform “1.0 Start-Up” operations in BNFL-TP-29953-020 with 1.0 liter of filtered,
distilled water with one variation: V4 the filtrate control valve should be closed. Run CUF for 5
minutes at between 4-6 gpm. In-line pressure should be varied from using V1 from 10 to 70

psig.

5.1.7 Conduct the “10.0 Draining the system” operation in BNFL-TP-29953-020.

5.1.8 Perform “1.0 Start-Up” operations in BNFL-TP-29953-020 with 1.0 liter of filtered,
distilled water

5.1.9 Perform “6.0 Back pulsing” operations in BNFL-TP-29953-020.

5.1.10 Shut off the system and conduct the “10.0 Draining the system” operation in BNFL-TP-
29953-020.

5.1.11 Perform “1.0 Start-Up” operations in BNFL-TP-29953-020 with 1.0 liter of filtered,
distilled water.

5.1.12 Determine clean water flux. Conduct the “3.0 Operation during Ultrafilter Recycle -
Mode” operations in BNFL-TP-29953-020 using the conditions below. Filtrate flow rate should
be monitored and data collected in the operating procedure. Each test should be performed for
only 20 minutes and the system should be back pulsed. After each condition, the test engineer
should initial and date the table below.

Transmembrane Initial and date
Condition Flowrate (gpm) Pressure (psig) when complete
1 4.20 10 (£ U0
2 4.20 20 ©v.7) Vi
3 4.20 MeT (e~

MM Slect #/—T1-0% 2 Surt!

5.1.13 Shut off the system and conduct the “10.0 Draining the system” operation in BNFL-TP-
29953-020. Drain as much as possible water out of the system. Be sure to drain the pump also.

Coubidtents |



TI-052, Rev. 0 Supplement
Page 4 of 8

M&TE List:

Balance 1:
Calib ID Calib Exp Date
Location
Balance 2:
Calib ID Calib Exp Date
Location
Thermocouple:

Calib ID Calib Exp Date

Location Thermocouple type

Digital Thermometer:

Calib ID Calib Exp Date

Location

5.4.1 Verify that the M&TE List has been completed (and are working).

5.4.2 Conduct the “1.0 Start-Up” operations in BNFL-TP-29953-020. Transfer waste from
bottles marked CUF Slurry and CUF Filtrate to slurry reservoir. Transfer the CUF Slurry first.
There will likely be some solids left in the CUF Slurry bottle, try to minimize these by swirling
the bottle during the transfer of the final small volumes of wastes. If significant solids remain,
use the CUF Filtrate to wash the solids from the bottle. Record the weights of the bottles before
and after transfer.

5.4.3 Record the weights of waste and bottles. ¢ 0 ILM&

d.
CUEF Slurry and bottle 7'—}4 1% g~ '9:‘
Empty bottle Z Ob.bh ¢ Weight transferred to CUF g
CUF Filtrate and bottle | ’)—éll b. 55 g
Empty bottle | Qlz (o Lk g Weight transferred to CUF g

5.4.4 Record the level in the slurry reservoir sight glass.

Height N A’ inches
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5.5 CUF Operation: Sr/TRU Precipitate Removal Test with AN-107 Diluted Feed

5.5.2 Conduct the “3.0 Operation during Ultrafilter Recycle Mode” operations in BNFL-TP-
29953-020 using the conditions of 50 psid and 4.2 gpm. Filtrate flow rate should be monitored
and data collected on a data sheet every 10 minutes over a period of 1 hour. Then back pulse
twice and repeat the conditions and record data for 20 minutes. Then back pulse twice, open
valve 1 to drop the pressure and turn off the pump. :

5.5.2 Dilute the waste in the CUF by 25%. Use the 1* CUF Rinse solution. Shake well before
transferring to the slurry reservoir. Approximately 450 grams should be used to dilute the slurry.
Record weights below

1* CUF Rinse and bottle / 9, 3_5-, D Gg 6 5/ _
Remaining waste/bottle_ 4 Zg » 54 g Weight transferred to CUF LfD v lg

Record the level in the slurry reservoir sight glass.
Height /‘:2 inches

5.5.1 Obtain slurry samples following “7.0 Slurry Sampling” in BNFL-TP-29953-020. The
samples should be taken before any filtration tests. The first two slurry samples should not be
saved, but dumped back into the slurry reservoir. Allow the waste to recirculate in the CUF for 5
minutes with no filtration, i.e. the CUF pump in operation, and the throttle valve completely
open (no pressure or filtrate flux). While the waste is recirculating collect enough sample in a
bottle to determine the slurry density.

Tare flask \

Flask plus 10 mD, of filtrate L0\

Weight of 10 mL {\\;‘\J - density of filtrate g/mL
Tare flask /

Flask plus 10 mL of filtrat |
Weight of 10 mL filtrate___ density of filtrate g/mL

__— e M(Ee delete These somples/auclyses

Then usﬁu/ls g value to collect two 20-mL slurry samples in vials DF-12 and DF- -
13 fo{ chemical analyses’and two samples in DF-14 and DF-15 for physical property
measure —Use one for physical property measurements and store the other. Record the

weight and sample number in Data Sheet 3.

5.5.2 Conduct the “3.0 Operation during Ultrafilter Recycle Mode” operations in BNFL-TP-
29953-020 using the conditions below. Filtrate flow rate should be monitored and data collected
as specified in the operating procedure. After each condition, the test engineer should initial and
date the table below. If no filtrate flow occurs or the filtrate flow is less than 10 mL/min,
discontinue testing, back pulse, and move to the next condition.
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NOTE: Test conditions below are suggested and conditions do not need to be run for the full 1
hour if filtrate flux drops to low values. Conditions 4 and 5 should only be run if time allows.
Skip and move on to condition 7. Condition 7 must be ran. Collect data at 10 minute intervals

on data sheet. /\09%((5 oulq reach. t_{—[ Gpm

Transmembrane Initial and date

Condition Flowrate (gpg)) Pressure (psig) when complete

1 420 7 50 % K1 ZZ@#?
e 20" 70 e [cf(,

4 3.13 Optimum from 1-3 2 59,,_,,;,

S _523— Optimumrfromr=3— defofe .,
6 4.20 50 - YA
7* _ 4.20 50 i q ;

* back pulse after every 10 minutes of operation

Coaditioas 345 c-.mt d :a‘f' ba
5.5.3 Conduct dewatering in CUF. Follow procedure in BNFL-TP-29953- (f?_o -(E)‘nduct

dewatering using condition 7. Collect the filtrate in the tared 1-L bottle labeled “AN-107 DF
CUF Filtrate.” Back pulse as necessary to keep filtrate flux to acceptable levels. The volume
will only be reduced to ~800 mL in the CUF. Additional dewatering will be done using deadend
filtration.

Tare weight of AN-107 DF CUF Filtrate Bottle /O é, é (7[
Bottle and filtrate Weight of CUF Filtrate

Determine the density of the CUF filtrate.

Vo H\SPI‘- atteo

Tare flask A ;, /7‘_"&1‘.6
Flask plus 10 mL of filtrate C’o % Paj{ éd

Weight of 10 mL filtrate M dens1ty of filtrate g/mL
Tare flask \

Flask plus 10 mL of filtrate

Weight of 10 mL filtrate \ density of filtrate g/mL

5.5.4 Obtain two 20-mL filtrate samples following *“8.0 Filtrate Sampling” in BNFL-TP-29953-
020 and using the pre-labeled sample vials after approximately half of the dewatering in the CUF
has been completed. Record the weight and sample number in Data Sheet 3. One will be used

for chemical and radiochemical analyses and one stored. ___ SCU'V)PAQ/ 60/7/05_;%0&
5.5.5 Conduct the “11.0 Shutting down” operafion in BNFL-TP-29953-020. ‘—-ﬁ(\ (ff"/WTL\'C

. SHL




TI-052, Rev. O Supplement
Page 7 of 8

5.6.1 Tare the 1 liter bottle labeled, “AN-107 DF CUF Dewatered Slurry.” M

R yeuséd ovey!
bott

Weight of bottle and lid ( O (0 . é 5 g [«

5.6.2 Conduct the “10.0 Draining the system” operation in BNFL-TP-29953-020. Collect slurry
in 1 liter bottle. Make sure as much materials as possible has been collected. This material will
be further dewatered using a deadend filter unit. Weigh bottle after all slurry has been removed
from the CUF.

Weight of slurry, bottle and lid g
Weight of material collected g

NOTE: Proceed with rinsing the CUF and conduct 5.7 Dewatering using a Deadend Filtration
Unit when time allows. This can start as soon as the initial rinse of the CUF is completed.

5.6.3 Conduct the “9.0 Rinsing the system” operation in BNFL-TP-29953-020. The first rinse
should be done with 1 liter of distilled water. This liquid should be collected and saved in the
container labeled “AN-107 DF CUF First Rinse.” The second rinse should be done with 2 liters
of filtered, distilled water, and the final rinse with 1 liter filtered, distilled water. The second and
‘third rinses should be collected separately from the first in the alkaline rinse storage container.

NOTE: Once the CUF has been rinsed you may proceed to Section 5.7 and come back and
complete the CUF cleanup later.

5.6.4 Perform “1.0 Start-Up” operations in BNFL-TP-29953-020 with 1.0 liter of filtered,
distilled water.

5.6.5 Perform “6.0 Back pulsing” operations in BNFL-TP-29953-020.

5.6.6 Determine the clean water flux at 20 psid transmembrane pressure and flow rate of 4.2
GPM following “3.0 Operation during Ultrafilter Recycle Mode” operations in BNFL-TP-29953-
020. Filtrate flow rate should be monitored and data collected in the operating procedure. Data
should be collected for at least 20 minutes and the system should be back pulsed.

5.6.7 Shut off the system and conduct the “10.0 Draining the system” operation in BNFL-TP-
29953-020.

5.6.8 Conduct the acid wash of the CUF unit with 1M HNO3/0.1-0.2M Citric Acid as described
in the CUF operating procedure if needed to regain clean water flux. The acidic solution should
be allowed to sit in the CUF overnight. When drained, the acidic solution should be placed in a
separate container. ' '

5.6.9 The CUF should be drained according to “10.0 Draining the system” operation in BNFL-
TP-29953-020 and rinsed at least 3 times with filtered, distilled water to bring the pH back up to
neutral. The acidic solutions should be placed in a separate container from the alkaline ones.
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5.6.10 Perform “1.0 Start-Up” operations in BNFL-TP-29953-020 with 1.0 liter of filtered,

distilled water.

5.6.11 Conduct the “3.0 Operation during Ultrafilter Recycle Mode” operations in BNFL-TP-
29953-020 using the conditions below. Filtrate flow rate should be monitored and data collected
in the operating procedure. Each test should be performed for only 20 minutes and the system
should be back pulsed. After each condition, the test engineer should initial and date the table

below.
Transmembrane Initial and date
Condition Flowrate (gpm) Pressure (psig) when complete
1 4,20 10
2 4.20 20
3 4.20 30

5.6.12 Shut off the system and conduct the “10.0 Draining the system’ operation in BNFL-TP-
29953-020.

5.7 Dewatering with the Deadend Filter Unit

5.7.1 Tare the 1-L receiver bottle/lid and filter assembly/lid of the filtration unit.

Tare of receiver bottle and"]/ /5 05 g [ }& _ﬁic_/%__
Tare of the filter assembly and lid _/ ‘th 30 ?

5.7.2 Assemble 1-L filtration unit and filter all of slurry in bottle labeled “CUF Dewatered
Slurry.” Solids should have settled on setting. Decant most of the supemnate from the bottle and
filter. The supernate should filter quite fast. When approximately half the material has been
filtered, swirl the bottle to suspend the solids. Continue filtering the slurry. If excessive solids
remain in the bottom of the bottle, small amounts of filtrate can be used to rinse the solids from
the bottle. Record weight of empty bottle. Filter the solids until compacted on filter and no free
liquid remains. Disassemble filter unit and weigh

Tare of receiver bottle/lid and filtrate
Tare of the filter assembly/lid and wet solids

Weight of filtrate
Weight of wet solids

5.7.3 The two 1-L bottles of filtrate, CUF ﬁltrate and the deadend filtrate, should be transfer to
SAL and combined to make a composite filtrate. Take duplicate samples of the filtrate
composite. Record weight of each filtrate and vial used on Data Sheet 3.
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fup ol géi W07 Difstid fak.
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Ned /M Sv, )M /1/4/%,07/@/ 351951 Medd
od | M H/UQ vitbls O-0aM )pvir fud
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Sr needs to be added to the diluted simulant for Sr/TRU decomtamination.

BNFL request 1M Sr(NO3)2 _ 3%@ -0 (o -0 /_ D@ (4

Balance number:

:a:ance%?% 3_;[;gj- . W"’
Fadher i, ML;&, ‘ 7/ 3/?7

Makeup Sr(NO3)2 solution

use Sr(NO3)2 cerkikied ACS L]'?g’t 6 T

211.63 grams/mole (FW)  (lot# % T\ ,uu-l’ﬂ %3
Tare 200 mL volumetric flask 6 pgr
add 42.326 grams Sr(NO3)2 ﬂask + Sr(N03)2 ( cﬂ grams

actualwmghtofSr(NOS)Zadded HE a‘g[ama

add approximately 1/2 the volume of Milli-Q water and swirl until dlssolved Oml
Lo0m

fill to volumetric line with Milli-Q water. Record total weight: 3 g[ams &£~ ﬁ""’

calculate actual [Sr] = actual weight/211.63/volume in Liters = fH 5 M 0 =

calculate density of solution, weight of solution/volume = Z}Jk
297

Transfer stock solution to poly bottle and label unique ID #

Transfer 142.8 mL to pour bottle 142.8 mL*density = grams to transfer /65 ij’-,‘ Vs

tare bottle;__ 3/ . LR :
add reagent and weigh: '5 97.19 4 roma i 276919 flc'y-d)
- total weigh added: 16511 4 Total volume: [43.0¢ml-

Dunskign from MV Tohuson +o hae DD/ M
Mot o Wash solitoim yot 0L 1~

| Project No.__) hiwL - 6"/ "!’[L'Ul 0'?)( %%ZBWW ! 5
l Entered By “é—/) l}rvavv_m,/- Date, M / [ _5 !}40)

I
Disclosed To and Understood By -

Signed 1. Date

2. Date
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Caustic needs to be added to diluted the waste before Sr/TRU decomtamination.

e S,ZE‘::/MWW Balancenumber: —_~ ~ = S?O @ 6 D/ —HQ@ é
s el

S )t
Balancecheck: _~— ‘7~ 7 7
alanc 2/0 T 2/00 ﬂ/f?
- er?ﬁc( M “&wcb q«mﬁ(c 7/ )\/ bl¥

Makeup NaOH solutio 3.5185 M
use NaOH peliets 27 49" O?_q”,m\-/‘(

40 grams!mole (FW) (lot # Ob‘-r?" M _‘(,.s‘hpf}/\- HJ

Tare 500 mL volumetric flask [ (6(6 grams F
add 70.37 grams NaOH flask + NaOH 25%.4%7 grams
actual weight of NaOH added 70, & ] grams 6“”-’

add approximately 1/2 the volume of Milli-Q water and swirl until dissolved

w,l'z,’t”’; oolutior

fill to volumetric line with Milli-Q water. Record total weight: _’?if,ﬂg[ami 5 {,( ‘ 3} 50 )
calculate actual [NaOH] = actual weight/40/volume in Liters = 25135 M
calculate density of solution, weight of solution/volume = |0 L26 grams/mL

Transfer stock solution to poly bottle and label unique ID #

Transfer 264.6 m;to pc;;l‘r5 bottle 264.6 mL*density = grams to transfer ;Lﬁ'?‘ 0 45 3 o

tare bottle;___ 350, ond Lid &

add reagent and weigh: b4 .5 g et C (17,775 &= 7“1‘)
total weigh added: 291, 5éf Total volume: Zb ([Lr gc& im L

Date prepared: l
Prepared by: g= "
Work Package Number:

2.60 m & s% 0.0 M ﬂ/aﬁﬁﬁ.om solids wééh?hj,
_ 250mb (D.om) 0.715Fmb

L mb [2U)l = 9o777jfw rH"C-"
’:%WX / jus® bbf 59,6 g
' W%k‘ ._W J( ¢he | ey

50
Lo oot > 101, 923 + Ne8d M

s 75 MMOK > 107.80 9
31‘ o'qﬁﬁ 9/‘”[/

s (Y il o /577

l Disclosed To and Understood By
|

Signed 1. Date

Date,
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Sodium permanganate needs to be added to the diluted simulant for Sr/TRU decomtamination.
BNFL request 1M NaMnO4
Balance number: 3¥0-06-0/ ~00 &

Balanceéﬁg‘éft 3-1-#4 ﬁM/ -

Balance check: __ &/02 4
recalict,, /15 / 4
Makeup NaMnO4 solution 1M ’
use NaMnO4.H20 megﬂ)( 4,/05 u/l;‘ﬂ}
-150.94 grams/mole (FW)  (lot # ) py fb
Tare 100 mL volumetric flask bl.t2 grams P‘o‘q/.
add 15.994 grams NaMnO4 flask + NaMnO4 6} -G 3 arams
actual weight of NaMnO4 added 0
add approximately 1/2 the volume of Milli-Q water and swirl until dissolved
fill to volumetric line with Milli-Q water. Record total weight: 1.0

calculate actual [MnO4] = actual weighttMW/volume in Liters = __{« 0010 M

calculate density of solution, weight of solution/volume = __ .09 %3 grams/m|

Transfer stock solution to paly bottie and label unique ID #
105,107 4
( 334 749,

Transfer 96.6 mL to pour bottle  96.6 mL*density = grams to transfer

tare bottle:___ 224,04 4

add reagent and weigh: 5’5+ %% 61

total weigh added: lbs, ‘JHIL “ Total volume: qé 7 = n -

Nood | W] s L4 Bl D2 M citrnocrd Gon
ity AT sl Flter doed™ efte f77fetin,
Sv/Ta  ppt.
Citvg peid~ [ Iho = PV 2014 Lotk F2qsc0D Probon

2. 005 ane citriz v 1420
iy Yy full 7 [ prtite

Project No. . { Date of Work

Entered By //Jl/LMﬂ\\ .,[L o Date. O/ //‘/ /?
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Signed 1. Date.

f 2 Date




t Calthrtas ﬁ’é f‘“‘&”&_‘/ Filtate eoflativn /oy wcaserett
WM ?/%’5 //\(CC,% CuF —wdth  Valve 6 L
'Qf&u /0577%'4 ~le. Side dum alsa G s Wil
Lth(/af'ﬁ/ o Use MO//"/’%%W 237 RAL=10-0] ~Hf 350 O
It chek

10.00mL = [0.9F%79 = (0,02729 = (0.0370 5
betfom gutlet #)/Q@gd- Valle 6 wpeqed - £ led

.. ”j'D [/QM/L maerk On 71/4&%4'44 &y/ﬁmie/ ~some die

Femdn on sides oK tylindev.
W Neeod Jolgme /w—zﬂwg
"ol 196 mL [ouly sradustd +5 vl

¢5+?rvw7(,'. +£he 'lre.-t,’(’(/\@f' .
WW/(/ 27.0 mL - o -

1Pl 25,77 wm C
(0w LT“(rl‘”lL/

D ML = Kb mt. [Ontz B, F il Pz PTFul_

Calibrate of CUF flow measurement cylinder with valve 6 open
(the side arm also fills so readings need adjusted)

cylinder filled to 10 mL to start &é)@gﬁ&\/
volume added reading reading change /(‘{,/&9
10 18.6 8.6 "7

%%
? 10 27 8.4 /137
c@\mlaﬁo‘ﬁ/ 10 357 8.7 WM 4
o & AUEX 10 44.2 8.5

rdey 4855 0.129099

average stdev’\ 4
so a reading change of 0.855+/-0.0129 mL is 1 mL actual volume of filtrate
correct filtrate flux data based on reading to actual volume by dividing by 0.855

Project No.~7) » Date or work

Entered B(J}JJ) ' W Date Q//zf /04
N S (¥ e - /

Disclosed To and Undlérstood By

Signed 1. Date

2. Date
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,‘ %/2000

Uiy Tore @’"\’l -
pP-o| |/ ;ﬂ@ [1.02309

DP/O'L 76 Céé‘ﬁg

DF0% /69719

DO /6.92159

-0 /b 36%55
%F,f)(g /6. ?H‘?Dj Cﬁ;j,,/b% Jay; Wevre SnLlu,(L

0F’O7 /(0 T&tﬂg
RE-of i, ‘3’0”5

,807‘7’/4, UFH Aad A Vo snide dotfled solid +2ut
wewe hol wﬁ ‘/’Vaﬁjﬁwwéf Wetl from UFD was ald |
(o UPH ant Do miged. DU sther Loftles were sfife
Shalken well pfove fimster.

UFE hol o very Small amonit” 0T solid +tot™ didnt tronstor,

g@ﬂ'k MriDL& stuck— 212 0 - use ' c\, vemepJer
m uwFe -~ MW Ckw¢7fe(;d’g.—- AL (750 ML

(pastie Pdded Shot 232 Ty 324
dirad) A

Sr . %Mmmcewf,(m
wt 5%%1@@ 327°C

//m//» g =" 4/7,0/77
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APPENDIX B: ANALYTICAL DATA
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Battelle Pacific Northwest Laboratory 00-0070
Radiochemical Processing Group-325 Building
Radioanalytical Applications Team 11/10/1999

Client : Hallen

Cognizant Scientist: dgm \Wf#f/{ Date : ////5/7 Jf
Concur : TT\&DLV\\C:\ o Date : HI[OZQQ

Procedure: PNL-ALO-450

- Gamma Energy Analyses
Measured Activities (uCi/g) with 1-sigma error

ALO ID Co-60 Cs-134 Cs-137 Eu-154 Eu-155 Am-241
Client ID Error % Error % Error % Error % Error % Error %
PB-0070 <2.E-5 1.88E-5 2.55E-4 <6.E-5 <6.E-5 <6.E-5
Process Blank 43% 7%
00-0072 5.15E-2 <6.E-3 1.24E+2 2.96E-2 <8.E-2 <8.E-2
DF-20 3% 2% 11%
00-0072 DUP 5.22E-2 <B.E-3 1.25E+2 2.99E-2 <9.E-2 <8.E-2
DF-20 3% 2% 12%
RPD 1% 1% 1%
00-0073 4.80E-2 <6.E-3 1.22E+2 2.73E-2 <8.E-2 <8.E-2
DF-21 3% 2% 12%
00-0074 4 97E-3 <5.E-4 1.51E+1 8.73E-4 <2.E-2 <2 E-2
Wash Compaosite 5% 2% 46%
00-0074 DUP 5.26E-3 <6.E-4 1.49E+1 1.77E-3 <2.E-2 <2.E-2
Wash Composite 4% 2% 22%
RPD 6% 2% 68%
PB-0083 <3.E-3 3.58E-3 7.48E-2 <7.E-3 <7.E-3 <5E-3
Process Blank 21% 3%
00-0083 * 4 43E-2 <4 E-2 6.84E+1 1.45E+1 1.02E+1 1.35E+1
Wash Solids 12% 2% 2% 2% 4%
00-0083 DUP * 5.41E-2 <4 E-2 7.02E+1 1.38E+1 966E+0 1.34E+1
Wash Solids 10% 2% 2% 3% 4%
RPD 20% : 3% 5% 5% 1%

*Note: Results for the washed solids are reported per gram of dry weight.
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Battelle PNNL/325 Bldg/RPG/Inorganic Analysis ...

Project:
Client:

Procedure:

Analyst:

ICPAES Data Report

29953
R.T. Hallen

ACL Number(s): 00-0070 through 00-0083

Client ID: “DF-01" through “WASHED SOLIDS™

ASR Number: 5536

PNL-ALO-211, "Determination of Elements by Inductively Coupled

Argon Plasma Atomic Emission Spectrometry" (ICP-AES).

D.R. Sanders

Analysis Date (Filename):  11-01-99 (A0547, ALO-128),

See Chemical Measurement Center 98620: ICP-325-405-1 File for Calibration and

11-02-99 (A0548, ALO-123),
11-03-99 (A0549, ALO-128),
11-04-99 (A0550, ALO-129),

11-12-99 (A0555, ALO-115 [KOH/Ni fusion])

Maintenance Records.

M&TE Number: ICPAES instrument -- WB73520

12/7/99

Mettler AT400 Balance -- Ser.No. 360-06-01-029

I2=7-2%
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Battelle PNNL/325 Bldg/RPG/Inorganic Analysis ...
ICPAES Data Report

Thirteen radioactive liquid samples, DF-01 through DF-14 (ACL# 00-0070 through 00-0082),
were analyzed by ICPAES after preparation by the Shielded Analytic Lab (SAL). Samples were
prepared by SAL using PNL-ALO-128 acid digestion procedure. Approximately 5 to 6 grams of
sample (weighed) was processed and diluted to a final volume of about 25ml. A 1ml aliquot
taken from each processed sample was weighed and the density estimated by dividing the aliquot
weight by the weight of water using the same pipette. The final volume of each processed
sample was determined using the final weight of processed sample divided by the estimated
density. Concentrations reported have been corrected for process and final volumes as reflected
on “Corrected” bench sheets distributed by SAL.

One radioactive solid sample was prepared in duplicate by SAL, WASHED SOLIDS (ACL#
00-0083) using ALO-115 KOH/Ni fusion procedure. Prepared samples were analyzed by
ICPAES. Approximately 0.2g aliquots were used to prepare samples using fusion procedure
PNL-ALO-115 (KOH/Ni). Fusion prepared samples were diluted to a final volume of 100 ml.
Additional dilution up to 10-fold was necessary during ICPAES analysis because of high
manganese, strontium and sodium concentration. Fusion prepared samples required additional
HCI. All solutions remained soluble after final dilution.

The one solid sample identified above, WASHED SOLIDS (ACL# 00-0083) was also prepared
in duplicate using PNL-ALO-129 acid digestion procedure for solids by SAL and analyzed by
ICPAES. Sample size was about 0.4g each. After digestion each sample was diluted to a final
volume of approximately 20ml and weighed. A 1ml aliquot taken from each processed sample
was weighed and the density estimated by dividing the aliquot weight by the weight of water
using the same pipette. The final volume of each processed sample was determined using the
final weight of processed sample divided by the estimated density. Relatively high analytical
dilution was necessary because of very high concentration of manganese and strontium present in
the sample and duplicate.

Measurement results reported have been corrected for preparation and analytical dilution. All
results reported are in plg/g for the solids and liquid samples. Volumes and weights have been
recorded on bench sheets and included with this report.

Specific analyte of interest requested is sodium for liquid samples (ALO# 00-0070 through 00-
0082) prepared using PNL-ALO-128. Also requested were the following analytes in table-2

included with the ASR-5536 and special instructions. Analytes in table 2 include: Al, Ba, Ca,
Cd, Co, Cr, Cu, Fe, K, La, Mg, Mn, Mo, Na, Ni, Pb, Si, Sr, Ti, U, and Zn.

12/7/99
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Battelle PNNL/325 Bldg/RPG/Inorganic Analysis ...
ICPAES Data Report

The solid sample contained high concentrations (1 to 25 Wt%) of iron, manganese, sodium, and
strontium. Concentration results for the fusion prepared and acid digestion prepared samples
were similar and were typically within about 20% or better for analyte concentration above EQL.

The liquid samples contained high concentrations of sodium. A few samples had moderately
high concentrations of aluminum. All other analytes measured were much lower in
concentration.

Quality control check-standard results met tolerance requirements for analytes of interest except
as noted below. Following is a list of quality control measurement results relative to ICPAES
analysis tolerance requirements under MCS-033.

Five fold serial dilution:
(Solid samples/fusion) ~ Results were within tolerance limit of < 10% after correcting for
dilution.

(Solid samples/acid dig.) Analytes of interest were within tolerance limit of < 10% after
correcting for dilution except as follows. Iron, calcium, chromium,
and sodium were about 12 to 14% low after correcting for dilution.
The reason may be related to high total dissolved solids (~ 0.4% TDS).

(Aqueous samples) All results for analytes of interest were within tolerance limit of < 10%
after correcting for dilution except sodium. Sodium concentration was
slightly low (-12.9%) after dilution correction in sample 00-0082. The
difference may be due to sodium carry-over from a previous sample
containing high sodium. ‘

Duplicate RPD (Relative Percent Difference):
(Solid samples/fusion)  All analytes of interest were recovered within tolerance limit of £20%
relative percent difference (RPD).

Duplicate RPD (Relative Percent Difference):

(Solid samples/acid dig.) All analytes of interest were recovered within tolerance limit of < 20%
relative percent difference (RPD) except sodium. Sodium was 20.9%
RPD which is slightly above the tolerance limit of 20%. All other
analyte concentrations were less than about 14% RPD, typically about
5% RPD or better.

12/7/99
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Battelle PNNL/325 Bldg/RPG/Inorganic Analysis ...
ICPAES Data Report

(Aqueous samples) All analytes of interest were recovered within tolerance limit of < 20%
' relative percent difference (RPD).

Post-Spiked Samples (Group A):
(Solid samples/fusion)  All analytes of interest were recovered within tolerance of 75% to
125%.

(Solid samples/acid dig.) All analytes of interest were recovered within tolerance of 75% to
125%.

(Aqueous samples) All analytes of interest were recovered within tolerance of 75% to
125%.

Post-Spiked Samples (Group B):

(Solid samples/fusion)  All analytes of interest were recovered within tolerance of 75% to
125%.

(Solid samples/acid dig.) All analytes of interest were recovered within tolerance of 75% to
125%.

(Aqueous samples) All analytes of interest were recovered within tolerance of 75% to
125%.

Blank Spike:
(Solid samples/fusion) A blank spike is not require for fusion prepared samples.

(Solid samples/acid dig.) None prepared.
(Aqueous samples) None prepared.

Matrix Spiked Sample:
(Solid samples/fusion) A matrix spike is not require for fusion prepared samples.

(Solid samples/acid dig.) None prepared.

(Aqueous samples) None prepared.

12/7/99
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Battelle PNNL/325 Bidg/RPG/Inorganic Analysis ...
ICPAES Data Report

Quality Control Check Standards (solid samples/fusion):

Concentration of all analytes of interest in the KOH/Ni fusion prepared
analytical run was within tolerance limit of + 10% accuracy in
standards: QC_MCVA, QC_MCVB, and QC_SSTMCYV except as
follows. Potassium was high (~14%) in QC_MCVA two out of four
times. Calibration Blank (ICP98.0) concentration was acceptable, less
than two times IDL.

High Calibration Standard Check (solid samples/fusion):

Verification of the high-end calibration concentration for all analytes
of interest is within tolerance of + 5% accuracy except potassium.
Potassium was slightly high (7% & 9%) in QC_SST however it was
within 3% when measured in a single analyte standard of the same
concentration.

Ouality Control Check Standards (solid samples/acid dig.):
Concentration of all analytes of interest was within tolerance limit of +
10% accuracy in standards: QC_MCVA, QC_MCVB. Several
analytes were slightly above (11% to 15%) tolerance limits in check-
standard QC_SSTMCYV. The analytes of interest that were out of
tolerance measured at the end of the run include iron, potassium,
manganese, sodium, nickel, lead and silicon. Initially, all were within
tolerance limits. Calibration Blank (ICP98.0) concentration was
acceptable, less than two times IDL.

High Calibration Standard Check (solid samples/acid dig.):
Verification of the high-end calibration concentration for all analytes
of interest is within tolerance of + 5% accuracy except potassium,
which measured 22% high at the end of the run. Potassium was not
detected in the acid digested sample.

12/7/99
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Battelle

PNNL/325 Bldg/RPG/Inorganic Analysis ...
ICPAES Data Report

Quality Control Check Standards (agueous samples):

High Calibration Standar

Concentration of all analytes of interest in the acid digested aqueous
prepared analytical run was within tolerance limit of £ 10% accuracy
in the standards: QC_MCVA, QC_MCVB, and QC_SSTMCYV except
as follows. Potassium was slightly high, up to 13% in two of three
QC_MCVA check standard measurements. The high potassium values
may be due to memory effect or carry-over from one measurement to
the next. Sodium was slightly high (11%) in QC_SSTMCY in one of
two check standard measurements and may also be due to memory
effect or carry-over from a sample with high sodium concentration.

d Check (agueous samples):

Process Blank:
(Solid samples/fusion)

Verification of the high-end calibration concentration for all analytes
of interest was within tolerance of £ 5% accuracy except potassium.
Potassium concentration varied up to 11% too high in QC_SST check
standard. Potassium concentration in aqueous samples usually was
low when detected and then only slightly above EQL. Measurement of
a single element potassium standard always came within tolerance
limits.

All analytes of interest were within tolerance limit of < EQL or < 5%
of sample concentration in PNL-ALO-115 KOH/Ni fusion prepared
samples.

(Solid samples/acid dig.) All analytes of interest were within tolerance limit of < EQL or < 5%

(Aqueous samples)

12/7/99

of sample concentration except silicon. Silicon concentration in the
blank was equivalent to about 950 ug/g, which is equivalent to about
24% of the lowest concentration found in the samples. Silicon
concentrations measured in the samples are generally below EQL.

All analytes of interest were within tolerance limit of £ EQL or < 5%
of sample concentration except iron and silicon. Silicon concentration
in the process-blank was about the same concentration as the samples.
Iron concentration found in the blank was variable. For one set of
samples it was about the same concentration as the samples. In
another processed batch of samples iron in the blank was much lower
than in the samples. The reason for the variability between process
blanks is not known.

Page 6



Battelle PNNL/325 Bldg/RPG/Inorganic Analysis ...

ICPAES Data Report

Laboratory Control Standard (LCS):

(Solid samples/fusion)  All analytes of interest except strontium, at a concentration equal to or

greater than EQL were recovered within tolerance limit of 75% to
125% in fusion prepared LCS standard. SRM-2710 Montana Soil was
used for the LCS in PNL-ALO-115 fusion preparations. Strontium
recovery was slightly above tolerance limit (126% recovery measured).
Strontium concentration in the WASHED SOLIDS is about one
hundred times higher in concentration than the LCS.

(Solid samples/acid dig.) No LCS was prepércd for PNL-ALO-129 acid digested samples.

(Aqueous samples) No LCS was prepared for PNL-ALO-128 acid digested samples.

Analytes other than those requested by the client are for information only. Please note bracketed
values listed in the data report are within ten times instrument detection limit and have a
potential uncertainty much greater than 15%.

Comments:

D

2)

3)

4)

3)

12/7/99

"Final Results" have been corrected for all laboratory dilution performed on the sample during
processing and analysis unless specifically noted.

Detection limits (DL) shown are for acidified water. Detection limits for other matrices may be
determined if requested.

Routine precision and bias is typically = 15% or better for samples in dilute, acidified water (e.g.
2% v/v HNO; or less) at analyte concentrations greater than ten times detection limit up to the
upper calibration level. This also presumes that the total dissolved solids concentration in the
sample is less than 5000 pg/mL (0.5 per cent by weight). i

Absolute precision, bias and detection limits may be determined on each sample if required by the
client.

The maximum number of significant figures for all ICP measurements is 2.

Page 7



Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report

Page 1 of 1

Multipller= 4.9 19.4 19.3 18.9 195 -
ALO#= 00-0070-PB 00-0073 @5 00-0079 @5 00-0080 @5 00-0081 @5
Client ID= |Process Blank DF-21 DF-02 DF-03 DF-04
Det. Limit Aun Date= 11/2/99 11/2/99 11/2/99 11/2/99 11/2/99
(ug/mL) (Analyte) ug/g ug/g ug/g ug/g ug/g
0.025 Ag - - - - -
0.060 Al 5.61 1,940 2,230 2,220 2,270
0.250 As - - hnd - -
0.050 B 15.2 21.3 35.1 32.2 34.8
0.010 Ba [0.17] - - - =
0.010 Be - -~ - - -
0.100 Bl - - - - -
0.250 Ca [1.7) 131 160 152 155
0.015 Cd - 227 27.4 27.2 27.7
0.200 Ce - - - - -
0.050 Co - [2.0] [2.0) [2.0] [2.1)
0.020 Cr - 36.5 7.23 6.65 6.89
0.025 Cu et 16.3 1241 12.0 12.3
0.050 Dy - - - - --
0.100 Eu = - o . o
0.025 Fe [0.45] 8.60 6.49 6.96 7.40
2.000 K - 615 730 716 732
0.050 La - - - o -
0.030 LI - - - = -
0.100 Mg - - - - -
0.050 Mn - [2.3) 15.1 20.0 17.7
0.050 Mo - 12.5 14.8 14.8 15.0
0.150 Na 26.0 91,900 116,000 116,000 118,000
0.100 Nd - [2.7) [3.1] [2.7] [2.9) -
0.030 NI [0.40]) 187 223 222 227
0.100 P - 247 293 291 297
0.100 Pb - 53.9 59.1 575 60.4
0.750 Pd - - - - -
0.300 Rh - - - - -
1.100 Ru - - IR - | b -
0.500 Sb - - - - -
0.250 Se - - - s -
0.500 Si 37.9 [32) [43) [38] [40)
1.500 Sn - - we - -
0.015 Sr - 107 90.3 89.9 92.1
1.500 Te - - - - =
1.000 Th - - - - -
0.025 T - - - - -
0.500 Tl - - - - -
2.000 u - - [41] [39] [42)
0.050 v - - - - -
______ 2.000 w - [62) [73] [73] [74]
0:050 Y - [0.99] [1.1] [0.99] [1.1]
0.050 Zn [0.46] [5.0] [5.7] [5.9] [6.4]
0.050 Zr - [2.0) [2.2] [2.0) [2.2)
Note: 1) Overall error greater than 10-times detection limit is estimated to be within +/- 15%.
2) Values in brackels [] are within 10-times detection limit with errors likely to exceed 15%.
3) ~-*indicate measurement is below detection. Sample detection limit may be found by
multiplying “det. limit" (far left column) by "multiplier” (top of each column).
-

Data (1) from “A0548 R.T. Hallen ASR5536 ALO-128 BNFL ICP98 hi.XLS

11/11/99 @ 12:59 PM



Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report Pas10f1

Multiplier= 19.2 18.8 19.7 197 | 19.4
ALO#= |00-0070 @5 00-0071 @5 00-0072 @5 00-0072 DUP @5 00-0082 @5
Client ID= |DF-01 DF-11 DF-20 DF-20 DF-14
Det. Limit Aun Date= | 11/1/99 111/99 11/1/99 11/1/99 11/1/99
(ugmi) _ (Analyte) | ugig uglg uglg ug/g ugly
0.025 Ag - - - o -
0.060 Al 2,140 2,220 1,990 2,050 1,910
0.250 _As - - - - -
0.050 B 39.2 325 19.8 19.1 25.5
0.010 Ba - - = - .
Lo010 Be = = = o =
0.100 Bi - ~ - = —
0.250 Ca 169 157 140 144 140
0.015 cd 26.3 27.1 23.4 24.0 228
0.200 Ce - - - - i
0.050 Co [2.0] [2.1] [2.1] [2.1] [1.9]
0.020 cr 54.5 51.5 37.0 38.1 13.3
0.025 Cu 11.4 14.8 16.3 16.8 134 |
0.050 Dy e - = = s
0.100 Eu - - - - i
0.025 Fe 11.8 15.9 9.29 9.16 5.34
2.000 K 720 732 626 634 603
0.050 La [1.4] [1.1] - - -
0.030 Li - - - - -
0.100 Mg = - [2.4] (3.3] [2.4]
0.050 Mn [1.9) [1.8] [2.3] [2.4] [3.9]
0.050 Mo 14.2 14.7 12.8 13.1 12.4
0.150 Na 112,000 119,000 102,000 110,000 105,000
0.100 Nd [6.3) [5.1) [2.8] [2.7] [2.1)
0.030 Ni 215 222 194 200 189
0.100 P 282 294 253 259 246
0100 Pb 57.9 65.9 54.9 56.0 55.1
0.750 Pd - = - - -
0.300 Rh = - - o =
1.100 Ru - - - - -
0.500 Sb - - - - -
0.250 Se - - - - -
0.500 si 102 [46] 28] | [25) [29)
1.500 Sn - - - s -
0.015 sr 161 153 113 118 94.4
1.500 Te - - = = -
1.000 Th - - - - -
0.025 Ti = =~ = - -
0.500 I o - £ - -
2.000 u [50] [44] [39] = [39]
0.050 v = = - - -
2.000 w [69] 73] [63] [65) [62)
0.050 Y [2.0] [1.6] [1.0] [1.0] -
0.050 Zn [5.7] [6.0] [5.7) 6.0] [5.5]
0.050 zZr [3.8) 13.4] (2.1 [2.1] [1.5)

Data (1) from*

Note: 1) Overall error greater than 10-times detection limit is estimated to be within +/- 15%.
2) Values in brackets [] are within 10-times detection limit with errors likely to exceed 15%.
3) "--" indicate measurement is below detection. Sample detection limit may be found by

multiplying “det. limit* (far left column) by “multiplier” (top of each column).

AD547 R.T. HALLEN ASR5536 ALO-128 BNFL ICP98 hi.XLS

11/11/99 @ 1:27 PM



Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report 23 2

Data (1) from "A0549 RT Hallen ASR-5536 ALO-128 BNFL ICP98 hi.XLS

11/11/99 @ 2:25 PM

Multiplier= 5.1 48 4.7 48 23.1
ALO#= 00-0074-PB 00-0074 00-0074 DUP 00-0075 00-0076 €5
Client ID= |Process Blank Wash Composite Wash Composite 1st. Wash 2nd Wash -
Det. Limit Run Date= 11/3/99 11/3/99 11/3/99 11/3/99 11/3/99
lug/mb)  (Analyte) ug/g ug/g ug/g ug/g ug/g
0.025 Ag - [0.33] [0.33] [0.24] -
0.060 Al [0.52] 231 233 194 487
..0.250 As - - - - -
0.050 B 9.84 2.73 13.4 8.27 12.1
0.010 Ba [0.051] - - [0.048]) -
0.010 Be - - - - -
0.100 Bi - - - - -
0.250 Ca - 20.9 21.8 15.7 [42)
0.015 Cd - 2.51 2.47 1.90 5.29
0.200 Ce - - - - -
0.050 Co - - - - -
_.0.020 Cr [0.14) 2.24 2.02 1.19 [2.8]
0.025 Cu - 1.76 1.75 1.38 [3.3]
0.050 Dy - - - - -
0.100 Eu - - - - -
0.025 Fe 1.51 1.55 [0.68] [1.1) na |
2.000 K - [68] [71] [73] [140]
0.050 La - - - - -
0.030 Li - - - - -
0.100 Mg - - - - -
0.050 Mn - [0.54] [0.51] [0.52] -
0.050 Mo - [1.5]) [1.5] [1.2] [3.1]
0.150 Na 12.5 13,700 13,700 12,400 26,500
0100 Nd - - - - - J
0.030 Ni [0.50] 20.8 20.5 16.2 43.6 .
0.100 P - 19.8 20.0 18.0 61.4
0.100 Pb - 12.3 12.2 9Adls | S8 23.9
0.750 Pd - - - - -
0.300 Rh - - - - -
1 '1 DD .......... Ru - = - 2 R, (S
0.500 Sb - - - - -
0.250 Se - - - - -
0.500 Si [12] [15] 25.2 7 | [18]
1.500 Sn - - - - -
0.015 Sr - 211 21.0 16.7 40.0
1,500 Te - = = = %
1.000 Th - o - - =
0.025 Ti - - - - -
2.000 u - - - - -
0.050 v - - - - -
_.2.000 w - - - - -
0.050 Y - - - - -
0.050 Zn - [0.93] [0.95) [0.69] [1.8]
0.050 Zr - lnd - - -
Note: 1) Overall error greater than 10-times detection limit is estimated to be within +/- 15%.
2) Values in brackets [] are within 10-times detection limit with errors likely to exceed 15%.
3) *--" indicate measurement is below detection. Sample detection limit may be found by
multiplying “det. limit* (far left column) by “multiplier* (top of each column).
<



Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report P29¢2°!2

Multiplier= 4.9 4.9
ALO#= 00-0077 00-0078
Client ID= |3rd Wash 4th Wash
Det. Limit Run Date= 11/3/99 11/3/99
(ug/mL) (Analyte) ug/g ug/g

0.025 Ag [0.33] [0.20] = il R N e G
0.060 Al 161 90.8 - -
0.250 As - - - "
0.050 B 12.7 12.4 = T s SR
0.010 Ba [0.080) [0.063] = =
0.010 Be - - - -
0.100 Bi - = - --
0.250 Ca 16.6 [10] - -

0015 cd 1.80 1.07 - -
0.200 Ce - - - -
0.050 Co - - - -
0.020 Cr 2.52 1.77 - -
0.025 Cu [1.1] [0.62] - -
0.050 Dy - - - -
0.100 Eu - - - -
0.025 Fe 3.44 [0.44] - -
2.000 K [34] [14] = -
0.050 La - - - -
0.030 Li - - - -
0.100 Mg - - = e
0.050 Mn [0.52] [0.28] - w o ) e )
0.050 Mo [1.0] [0.56) - -
0.150 Na 9,580 6,440 - -
0.100 Nd - - - -
0.030 Ni 14.8 8.88 - -
0.100 P 11.7 11.3 - -
0.100 Pb 9.82 7.03 - i I R (e
0.750 Pd - - - -
0.300 Rh - - - -
1.1 OO Ru s = B (NS =
0.500 Sb - - - -
0.250 Se - - - -
0.500 Si 18] [10] - Z1E . D .
1.500 Sn - - - -
0.015 Sr 16.7 12.4 - -
1.500 Te - ~— - o A DOROO | R S| [T
1.000 Th - - - -
0.025 Ti - - - -
0.500 TI - - - -
2.000 U - - - -
0.050 A - - - -
2.000 W - = IR -
0.050 Y - - - -
0.050 Zn [0.80] [0.80] - s
0.050 Zr - - - -

Data (1) from "A0549 RT Hallen ASR-5536 ALO-128 BNFL ICP98 hi.XLS

Note: 1) Overall error greater than 10-times detection limit is estimated to be within +/- 15%.

2) Values in brackels [] are within 10-times detection limit with errors likely to exceed 15%.
3) *--" indicate measurement is beiow detection. Sample detection limit may be found by
multiplying “det. limit* (far left column) by "multiplier” (top of each colurnn).

11/11/99 @ 2:25 PM



Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report P20t

Multiplier= 50.5 6177.8 I 1256.0 I
ALO¥= 00-0083-PB 00-0083 @125 00-0083-DUP @25
Client ID= |Process Blank WASHED SOLIDS WASHED SOLIDS —
Det. Limit Run Date= 11/4/99 11/4/99 11/4/99
{ug/mL) (Analyte) ug/g ug/g ug/g
0.025 Ag - - [97] - -
0.060 Al [5.9] 8,500 8,400 - -
0.250 As - - = - -
0.050 B - - - - -
0.010 Ba [0.91] [400] 387 - -
0,010 Be - - - - N
0.100 Bi - - - - -
0.250 Ca - [5,900] 5,750 - a
0.015 Cd - - [31) o .
0.200 Ce - [1,300] [1,300] ~ s
0.050 Co — - - - -
0020 Cr - 3,580 3,510 - -
0.025 Cu - - - - -
0.050 Dy — = = - =
0100 Eu - - - - -
0.025 Fe [4.4] 53,900 50,700 - -
2.000 K - - - - oy
0050 La - [810) 785 - -
0.030 Li - - - - -
0.100 Mg - = - - -
0.050 Mn - 139,000 126,000 - -
0.050 Mo = - = - -
0.150 Na - 71,300 91,200 - -
0.100 Nd - [2,500] 2,380 - - ;
0.030 Ni (8.5) - [130) = - o
0.100 P - [700] [710] - -
0.100 Pb - [5,300) 5,360 - -
0.750 Pd - - [1,000] - -
0.300 Rh - - - = -
e = - = - = B e
0.500 Sb - - - - -
0.250 se = I | (- - el PR ey — o
0.500 Si 948 [3,800] [4,000] - -
1.500 Sn - - - - -
0.015 Sr - 289,000 280,000 - -
1.500 Te - — - - =
1.000 Th - - - - -
0.025 Ti - - [33] - -
0.500 T - - - - -
2.000 U - - - - -
0.050 v - - = - -
2.000 w - - - - -
0.050 Y - [320] [320] - -
0.050 Zn - [330] [310] - -
0.050 Zr - [2,300] 2,180 - -

Note: 1) Overall arror greater than 10-times detection limit is estimated to be within +/- 15%.

2) Values in brackets [] are

within 10-times detection limit with errors likely to exceed 15%.
3) *--* indicate measurement is below detection. Sample delection limit may be found by
multiplying “det. limit* (far left column) by "muitiplier* (top of each column).

ASR5536 R_Hallen from "A0550 RT Hallen ASR-5536 ALO-129 K Brooks ASR-5500.01 ALO-129 ICP98 hi.XLS

12/6/99 @ 2:57 PM



Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Repdpee ' °'
Muttiplier= [ 10449 | 995.0 | [ 11001 ]

ALO#=  |00-0083-PB-Ni @2 " 00-0083-NI @2 00-0083-DUP-NI @2
Client ID= |Process Blank WASHED SOLIDS WASHED SOLIDS

Det. Limit Run Date= | 11/12/99 11/12/99 11/12/99
(ug/mL) (Analyte) ug/g ug/g ug/g

....... OozsAg e . fon TR ey ol =
0.060 Al [110] 7,770 7,260 -

. TR I, 2 = = =

0.050 B - [61] [57] =
0.010 Ba [11] 321 314 18
LU A T T e e s Lo = =
0.100 Bi - = = =
0.250 Ca - 5,300 5,220 -
8015 ....C4... = [34) [36] -

"0.200 Ce - [560) [490] -

0L S - S 8, O [ R SE2 LU [ 3970 | . =
220 L - - 2 -
0.050 " Dy - - - -
Lo o EU = = — -
0.025 Fe [180] 44,300 43,400 "
Looso o Lka = 644 : L. =
0.030 L - - [34] -
0.100 Mg - [190) [200] -

L .| i S OO (... (I ORI . ... =

0.050 Mo - [67] = =
0.150 Na [1,100) 71,500 72,700 -
Lotoo N = 1,820 1,670 =
0.100 P -~ [840] [790] -
Loaoo PR = 3,790 ... N . =
0.750 Pd = - - -
0.300 Rh - - = -
UL . S = = = =
0.500 Sb - s i =
0.250 Se - - - =
0.500 si = 5740 | 1521001 | =
o - . - -
0.015 Sr - 255,000 242,000 -
L1800 Te : = = = OISO = b
MR e = - = =
0.025 Ti - (57) [50] =

TI tesemssnsssnsasanansnanes e

u - [2,300] [3,000] -
0.050 ' - - - B e

w

Y

- o — =
0.050 Zn - [310] [300] -
0.050 Zr - 1,550 1,620 -
Note: 1) Overall error greater than 10-times detection limit is estimated to be within_+/- 15%.
2) Values in brackets [] are within 10-times detection limit with errors likely to exceed 15%.
3) *--* indicate measurement is below detection. Sample detection limit may be found by
multiplying “det. limit* (far left column) by *multiplier® (top of each column).

Data (1) from "A0555 K_Brooks ASR-5570 ALO-128 RT_Hallen ASR-5536 ALO-115-SAL ICP98 hi.XLS 12/2/99 @ 3:31 PM
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Battelle PNNL/325 Bldg/RPG/Inorganic Analysis ...
ICPAES Data Report

Project: 29953
Client: R.T. Hallen & K.P. Brooks

ACL Number(s): 99-2524-R through 99-2525-DUP-R
[re-runs]

Procedure:  PNL-ALO-211, "Determination of Elements by Inductively Coupled
Argon Plasma Atomic Emission Spectrometry” (ICP-AES).

Analyst: D.R. Sanders

Analysis Date (Filename): 11-04-99 (A0550)

See Chemical Measurement Center 98620: ICP-325-405-1 File for Calibration and
Maintenance Records.

ME&TE Number: ICPAES instrument -- WB73520 .
Mettler AT400 Balance -- Ser.No. 360-06-01-029
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Battelle PNNL/325 Bldg/RPG/Inorganic Analysis ...
ICPAES Data Report

Four radioactive solid samples CUF-C104-010(Orange) through CUF-C104-013(Black)
(ACL# 99-2524-R through 99-2525-DUP-R) were prepared by SAL using ALO-129 acid
digestion of solids procedure. Prepared samples were analyzed by ICPAES. Approximately
0.02g to 0.32g aliquots were processed and diluted to a final volume of about 20 ml (weighed).
Some dark-black residue remained insoluble from all the samples after processing. The final
volume of each processed sample was determined using the final weight of processed sample
divided by an estimated density. Analytical dilution of 5-fold to 50-fold was required because of
high concentration of aluminum, iron, manganese, sodium, thorium, uranium, and zirconium.
Sample CUF-C104-010(Orange) was prepared with only about one-tenth the amount of solids
compared with the other three samples. As a result, only a 5-fold analytical dilution was
required. ‘

The concentration of palladium reported previously appears to be an artifact caused by spectral
interference particularly from high concentrations of thorium and uranium. Because of this, the
actual concentration of palladium is too low to determine by ICPAES without chemical
separation of the interfering analytes. Sodium in sample CUF-C104-010(Orange) appeared to
be about ten times higher than the other three samples. The reason for the discrepancy is not
known.

Measurement results reported have been corrected for preparation and analytical dilution.- All
results reported are in pg/g for the solids samples. Volumes and weights have been recorded on
bench sheets and included with this report.

Quality control check-standard results met tolerance requirements for analytes of interest except
as noted below. Following is a list of quality control measurement results relative to ICPAES
analysis tolerance requirements under MCS-033.

Five fold serial dilution:

(Solid samples/acid dig.) Analytes of interest were within tolerance limit of < 10% after
correcting for dilution except silver, magnesium and uranium.
Because of the very high concentration of thorium, interference
correction to silver, magnesium and uranium were incorrect leading to
inaccurate concentration values in the 5-fold diluted sample. At
25-fold and 50-fold dilution all analytes of interest were within < 10%
after correcting for dilution.

1/18/00
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Battelle PNNL/325 Bldg/RPG/Inorganic Analysis ...
ICPAES Data Report

Duplicate RPD (Relative Percent Difference):

(Solid samples/acid dig.) All analytes of interest were recovered within tolerance limit of < 20%
relative percent difference (RPD) except silicon in ACL# 99-2524-R
and its duplicate analyzed at 5-fold dilution. As noted earlier the
reason for the large (150% RPD) for silicon is not known.

Post-Spiked Samples (Group A):
(Solid samples/acid dig.) All analytes of interest were recovered within tolerance of 75% to
125%.

Post-Spiked Samples (Group B):
(Solid samples/acid dig.) All analytes of interest were recovered within tolerance of 75% to
125%.

Blank Spike:
(Solid samples/acid dig.) None prepared.

Matrix Spiked Sample:
(Solid samples/acid dig.) None prepared.

Quality Control Check Standards (solid samples/acid dig.):

Concentration of all analytes of interest was within tolerance limit of
+ 10% accuracy in standards: QC_MCVA.

Tin and thorium were low (-15% and —-61% respectively) in
QC_MCVB. Single element standards of 2 ppm tin and 10 ppm
thorium were measured separately and were within the tolerance
limits.

Several analytes: iron, potassium, manganese, sodium, nickel, lead,
silicon and zirconium were a little high (11% to 15%) and out of
tolerance limits in check-standard QC_SSTMCV.

Calibration Blank (ICP98.0) concentration was acceptable, less than
two times IDL.

High Calibration Standard Check (solid samples/acid dig.):

Verification of the high-end calibration concentration for all analytes
of interest is within tolerance of = 5% accuracy except potassium,
which measured 22% high at the end of the run. Potassium was not
detected in any of the samples.

1/18/00

Page 3



Battelle PNNL/325 Bldg/RPG/Inorganic Analysis ...

Process Blank:

ICPAES Data Report

(Solid samples/acid dig.) All analytes of interest were within tolerance limit of £ EQL or < 5%

of sample concentration except silicon. Silicon concentration in the
blank was equivalent to about 1300 ug/g. Silicon at about 25,000 png/g
was only found in sample CUF-C104-010 (Orange)

(ACL# 99-2524-R).

Laboratory Control Standard (LCS):
(Solid samples/acid dig.) No LCS was prepared for PNL-ALO-129 acid digested samples.

Analytes other

than those requested by the client are for information only. Please note bracketed

values listed in the data report are within ten times instrument detection limit and have a
potential uncertainty much greater than 15%.

Comments:
1)

2)

3)

4)

5)

1/18/00

"Final Results” have been corrected for all laboratory dilution performed on the sample during
processing and analysis unless specifically noted.

Detection limits (DL) shown are for acidified water. Detection limits for other matrices may be
determined if requested.

Routine precision and bias is typically + 15% or better for samples in dilute, acidified water (e.g.
2% v/v HNOj or less) at analyte concentrations greater than ten times detection limit up to the
upper calibration level. This also presumes that the total dissolved solids concentration in the
sample is less than 5000 pg/mL (0.5 per cent by weight).

Absolute precision, bias and detection limits may be determined on each sample if required by the
client.

The maximum number of significant figures for all ICP measurements is 2.

Page 4



Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report Faee 1ot

Multiplier= 4396.1 | 18426 | 15455 | 1580.3 |
ALO#=  [99-2524-R @5 99-2524-DUP-R @25 99-2525-R @25 99-2525-DUP-R @25
Client ID= |CUF-C104-010 (Orange] |CUF-C104-010(Black) |CUF-C104-013 (Orange) |CUF-C104-013 (Black)
Det. Limit  Run Date= 11/4199 11/4/99 11/4/99 11/4/99
(ugmL) (Analyte) ug/g ug/g ug/g ug/g
0.025 Ag [900] 1,060 1,850 1,650
0.060 Al 144,000 165,000 40,100 39,400
0.250 As - - - -
0.050 B [1,300] = on [80)
0.010 Ba [210] 226 412 472
0.010 Be - [49) [69] [66]
0.100 Bi - - = =~
0.250 ca [4,900] 5,210 8,830 9,410
0.015 cd 8sa | 978 1,730 1,830
0.200 Ce = — [420] -
0.050 Co - - - -
0.020 Cr 1,620 1,830 2,130 2,190
0.025 Cu (210 [270] 485 523
0.050 - Dy - - - -
0.100 Eu - - - =
0.025 Fe 46,000 52,500 91,300 97,100
2.000 K - - - -
0.050 La - [140] [250] [290]
0.030 Li {470 587 513 536
0.100 Mg [910] [990] 1,570 1,710
0.050 Mn 10,200 11,600 20,300 21,600
0.050 Mo = = = -
0.150 Na 33,400 .| 38100 68,700 63,800
0.100 Nd e [290] [560] [600]
0.030 Ni 2,990 3,350 5,860 6,230
0.100 P 5,080 2,510 [1,000] [1,200]
0.100 Pb [1,600] 1,870 3,170 3,350
0.750 Pd = = [3,700] =
0'300 Hh.... N o= el " =
1.100 Ru - - - -
0.500 sb - - - -
0.250 Se - - - -
0.500 si 25,200 [2,500] [1,700) [1,700]
1.500 Sn - - - -
0.015 st | (1o o] | |__nso) [210]
1.500 Te - : - - -
1.000 Th [5,900] 73,600 126,000 134,000
0.025 Ti [160] [170] [300] [320]
0.500 I - - = -
2.000 u [42,000] 52,600 93,500 100,000
0.050 v = - [80] =
2.000 w - = - e
0.050 Y - — - -
0.050 Zn [340] {300] [650] [760)
0.050 Zr 60,600 64,600 113,000 123,000

Note: 1) Overall error greater than 10-times detection limit is estimated to be within +/- 15%.
2) Values in brackets [] are within 10-times datection limit with errors likely to exceed 15%.
3) "--® indicate measurement is below detection. Sample detection limit may be found by
multiplying "det. limit® (far left column) by "multiplier” (top of each column).

Data (1) from "A0550 RT Hallen ASR-5536 ALO-129 K Brooks ASR-5500.01 ALO-129 ICP98 hi.XLE15/99 @ 12:38 PM



Battelle PNNL/RPG/Inorganic Analysis ... ICPAES Data Report P21 '

Multiplier= 505 6177.8 | 12560 |
ALO#= |00-0083-PB 00-0083 @125 00-0083-DUP @25
Client ID= |Process Blank WASHED SOLIDS WASHED SOLIDS
Det. Limit  Run Date= 11/4/99 11/4/99 1114/99
_(ug/mL) (Analyte) ug/g ug/g ug/g
e . - E s ~ L
0.060 Al [5.9] 8,500 8,400 = =
0.250 As s = = = -
0.050 B - - = = =
0.010 Ba [0.91] [400] 387 = )
0.010 Be = - = i 2
T = = - 2 = e
0.250 Ca = [5,500) 5,750 - =
_0.015 cd ~ - [31] , = =
0.200 Ce - [1,300] {1,300] = = | .
0.050 Co - - - - -
= 0.020 - Cr i [N— 3,580 3,510 | .. - =
0.025 Cu - —~ - i - S -
0.050 Dy = = s = =
..0:100 Eu = o o = ¥ = =
0.025 Fe (4.4] 53,900 so700 | - S i
2.000 K — &= L - 5
0.050 La = [810] 785 - =
0.030 Li - - - e . e
0.100 Mg — - = L =
0050 Mn = . 139,000 § 126000 | - =i
0.050 Mo = - - = =
0.150 Na = 71,300 91,200 =N =
0.100 Nd i [2,500] 2,380 - =
0.030 NI [8.5] ~ _ [130] - =
A0 P & [700] . A1) I = =
0.100 Pb = [5,300] 5,360 - =
0.750 Pd - = [1,000] i =
0300 Rh o - - = _ =
1.100 Ru - - - - -
0.500 Sb - = % = =
2250 Se.... = = = = ol u{B Bl N,
0.500 si 948 {3,800] [4,000] i -
1.500 Sn L: - = = _
0015  Sr - 289,000 280,000 = =
1.500 Te = - = = -
1.000 Th = -~ - = = _
..0:025 Ti = = (33 = co AN [
0.500 T . & - - : =
2.000 u = = = = =
0.050 v = = - = =2
2.000 w = - - =z &
0.050 Y - [320) ‘ [320] E &
_0.050 Zn = [330) [310] i =
~0.050 zZr = [2,300] 2,180 = =

Note: 1) Overall error greater than 10-times detection limit is estimated to be within +/- 15%.
2) Values in brackets [J are within 10-times detection limit with errors likely to exceed 15%.
3) *--* indicate measurement is below detection. Sample detection limit may be found by
multiplying "det. limit® (far lelt column) by *multiplier” (top of each column).

ASR5536 R_Hallen from "A0550 RT Hallen ASR-5536 ALO-129 K Brooks ASR-5500.01 ALO-129 ICP98 hi.XLS 12/6/99 @ 2:57 PM



Battelle PNNL/RPG/Inorganic Analysis --- IC Report

- REVISION 01 - Addition of 00-0083 Process Blank Results
Client: R. Hallen Charge Code/Project: 'W45525 /29953

ACL Numbers: 00-0072 to -0074, -0083 ASR Number: 5536
Analyst: M]J Steele Analysis Date: November 01-03,11, 1999

Procedure: PNL-ALO-212, "Determination of Inorganic Anions by Ion Chromatography"
M&TE: IC system (WD25214); Balance (360-06-01-031) --- See Chemical Measurement
Center 98620 RIDS IC File for Calibration, Standards Preparations, and Maintenance Records.

Final Results:
Hot Cell| = AUSH N
LabID_; ~2[SampleID 7 |Dil nglg’| gl | fg/g? P |Fhger
00-0072 DF-20 21,800 | <2000 | 86,700 | < 4000 <4000 | <4000
00-0072 MS Rec 113% | 101% | 109% 109% 115% | 111% | 114% | 1%
00-0073 DF-21 8.02 |<2000(|<2000]|21,600| <2000 | 88,100 | <4000 |<4000 |<4000
00-0074 Wash Comp 4.95 <125 | <125 | 2,900 | <125 |11,600( <250 480 3,600
00-0074 Dup (Wash Comp Dup 491 <125 | <125 | 2,700 | <125 |10,700 | <250 460 3,300
RPD n‘a n/a 8% n/a 7% n/a 6% 8%
00-0083PB |Process Blank 102.0* <25 <25 <50 <25 <50 <50 <50 <50
00-0083 Washed Solids 114.0 | <300 | <300 | 1,800 | <300 | 8,000 | <600 | 1,200 |25,500
00-0083 Dup (Washed Solids Dup | 89.91 <250 | 400 1,700 | <250 | 8,700 | <500 | 1,200 | 21,100
RPD nfa nfa 8% n/a 9% n/a 1% | 19%
00-0083 MS Rec 102% | 99% 102% 105% 98% 104% | 105% 99%

RPD = Relative Percent Difference (between sample and duplicate/replicate)
MS Rec = Matrix Spike Standard % recovery
* = average 00-0083 hot cell dilution factor to provide process blank results in pg/g.

The samples were analyzed by ion chromatography (IC) for inorganic anions as specified in the
governing ASR. The liquid samples were diluted at the IC workstation from 100-fold to
1,000-fold to ensure that all anions were within the calibration range. The liquid samples are
reported in pg/g of liquid and the solids samples are reported in pg/g of dried solids.

Q.C. Comments:

Duplicates: Duplicate preparations from the hot cells were provided to the IC laboratory for both
the liquid and solids matrices; i.e., samples “Wash Comp” and “Washed Solids”, respectively.
The relative percent differences (RPD) between replicates are within the acceptance criteria of
20% for all anions measured above the EQL.

Matrix Spike: Matrix spikes were prepared and measured for samples “DF-20" and “Washed
Solids™. The spike recoveries for all anions are within the 75% to 125% recovery acceptance -

criteria. .
L
DaleA F?/ (/ if

Fle s C“)/"l
Copy 4{4 Page 1 of 2
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Battelle PNNL/RPG/Inorganic Analysis --- IC Report

Blank Spike: Although no blank spike, which is used as the laboratory control sample, was
analyzed directly with these samples, three blank spike samples were analyzed with each of the
daily runs. All anions for the blank spikes recovered within the acceptance criteria of 80% to
120%.

System Blank/Processing Blanks: Approximately ten system blanks were process during the
analysis of the samples. With the exception of only single nitrate value, no anions were detected
above reportable concentrations in the system blanks. Since the nitrate results are high, this
single QC failure does not affect the reported nitrate results.

Quality Control Calibration Verification Check Standards: Approximately ten mid-range
verification standards were analyzed throughout the analysis runs. Except for a single phosphate
value, the reported results for all analytes of interest were recovered within the acceptance
criteria of £10% for the verification standard. The one phosphate result recovered at +11%
above the true value. No phosphate was detected in any of the samples, thus the single
phosphate failure has no impact on the reported results.

General Comments:

* The reported "Final Results" have been corrected for all dilution performed on the sample
during processing or analysis.

* The low calibration standards are defined as the estimated quantitation limit (EQL) for the
reported results and assume non-complex aqueous matrices. Actual detection limijts or
quantitation limits for specific sample matrices may be determined, if requested.

* Routine precision and bias are typically £15% or better for non-complex aqueous samples
that are free of interference and have similar concentrations as the measured anions.

Analyst: p)ﬂ@' )&AQ,L | Date // 45/ 99
Approval: '77/,/@ %M Date ///&/?9

Archive Information:

Files: ASR 5533 Lumetta.doc ASR 5463 5533 -36 -68 -71.xls

ASR 5536 Hallen Rev 01.doc ; Page 2 of 2



Project Number

INL
7 Battelle
Pacific Northwest Laboratories
Internal Distribution

, 329/4 File
Date November 5, 1999 Mike Urie
To Richard Hallen
From Tom Farmer

Subjet ICP/MS Analysis of Submitted Samples
(ALO#00-0070,0072-0074 and 00-0083)

The previously reported sample results were incorrect due to an error in the dilution
volumes received from Rick Steele. Here are the corrected results using the correct
dilution volumes.

James

RT HALL
Date__jjlj
/ = {s

Flle -
Copy__1le. (2P
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Hallen Tc-99 Analysis w577

November 4, 1999(Revised 11/5/99)

Results are reported in pg analyte/g (ppm) of original sample.
The uncertainty of the results is estimated at £10%.

Sample ICP/MS Te-99 F4  *Ru-101
ID Number ug/g i ngl/g
1%HNO3 9b03al  <0.0002
1%HNO3 9b03a6  <0.0002¢:
1%HNO3 9b03a18 <0.0002%
00-0070-PB Process Blank 9b03a8 <0.01 % 0.001
00-0072 DF-20 9b03ai4 2.59! 4
00-0072-DUP DF-20 9b03a15 2.56; 4
00-0073 DF-21 9b03a16 2.86; 5
00-0073 + spike  DF-21 9b03a17 3.33
Spike Recovery 103%
00-0074 Wash Composite 9b03ai2 0.293 0.5
00-0074-DUP Wash Composite 9b03ai13 0.2871} 0.5
00-0083-PB Process Blank 9b03a7
00-0083 Washed Solids 9b03a10
00-0083-DUP Washed Solids 9b03at1
SRM 2710 LCS/00-0083/Ni 9b03a9
CCV results are reported in ng/m! (ppb)
2ppb Tc-99 CCV 9b03a3 2.19:
2ppb Tc-99 CCV 9b03a19 2,145
100ppb Co 9b03a20 <0.0002:

DATA REVIEW

vl ,.’,i’

Reviavrad by:’_




Battelle PNNL/RPG/Inorganic Analysis --- TOC/TIC Report

Client: R. Hallen Charge Code/Project: 'W45525 /29953

ACL Numbers: 00-0072 to 00-0074, 00-0083 ASR Number: 5536

Analyst: M]J Steele Analysis Date: December 9-10, 1999

Procedure: PNL-ALO-381, "Direct Determination of TC, TOC, and TIC in Radioactive Sludges

and Liquids by Hot Persulfate Method"
RT HALLEN -
7 OL-)
M&TE: Carbon System (WA92040); Balance (360-06-01-023). Date //j 3/29
_Route-_~ . ‘ ﬁ
Final Results: Flie_— A
Copy_ 2w
Density | Hot Cell TIC TOC TC
Lab Number Sample ID ug/ml'” | Dil Fetr | ug/g [RPD(%)| ug/g |RPD(%)| ug/g |[RPD(%)
Liquids -
* [00-0072 PB Process Blank 6.47 | <40 <120 -

00-0072 DF-20 1,255 8.02 6,700 14,000 20,700
00-0072 Rep DF-20 Rep 8.02 6,900 3 14,000 0 20,900 1
00-0073 DF-21 1.255 8.02 6,800 13,200 20,000
00-0073 Rep DF-21 Rep 8.02 |6,900 I 13,200 0 20,100 0
00-0074 Wash Composite 1.018 4.95 1,000 2,400 3,400 ull
00-0074 Rep Wash Composite (Rep) 495 1,000 0 2,300 4 3,300 3
00-0074 Dup Wash Composite Duplicate 1.025 491 1,000 2,400 . 3,400
00-0074 Dup Rep [Wash Composite Duplicate (Rep) 491 1,100 10 2,500 4 3,600 6
99-2350 MS MS Recovery na 101 97 100
" Density calculated from Hot Cell dilutions data. Mass of liquid / Volume of liquid from calibrated pipet.

TIC TOC TC
Lab Number Sample ID ug/g [RPD(%)| ug/g |RPD(%)| ug/g |RPD(%)
Solids
00-0083 Wahsed Solids 44,600 1,100 45,700
00-0083 Dup Washed Solids Duplicate 57,100 25 1,800 n/a 58,900 25
00-0083 MS Washed Solids MS Recovery 80% 89% 85%
00-0083 Rep Washed Solids (Rep) 51,300 1,600 52,900
00-0083 Dup Rep [Washed Solids Duplicate (Rep) |38,000 30 2,000 n/a 40,000 28

RPD = Relative Percent Difference (between sample and duplicate/replicate)

The analysis of the subject samples submitted under ASR 5536 was performed by the hot persulfate
wet oxidation method. The hot persulfate method uses acid decomposition for TIC and acidic

potassium persulfate oxidation at 92-95°C for TOC, all on the same sample, with TC being the sum
of the TIC and TOC. )

The table above shows the results, rounded to two to three significant figures. The raw data bench

sheets and calculation work sheets showing all calculations are attached. All sample results are

corrected for average percent recovery of system calibration standards and are also corrected for

ASR 5336 Hallen.doc
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Battelle PNNL/RPG/Inorganic Analysis --- TOC/TIC Report

contribution from the instrument calibration blanks. Per the ASR request, all liquid samples were
processed by weight and reported in pg/g. The liquid samples were diluted in the Shielded
Analytical Laboratory hot cells to reduce the dose associated with the samples analyzed for
TIC/TOC; the hot cell dilution factors are provided in the table. An estimate of the density of each
liquid sample was obtained during the dilution process by weighing the volume fraction of the
sample used for dilution. The density of each liquid is reported in pg/ml.

Q.C. Comments:

The TIC standard is calcium carbonate and TOC standard is a-Glucose (the certificates of purity are
attached). The standard materials were used in solid form for system calibration standards as well
as matrix spikes. TIC and TOC percent recovery are determined using the appropriate standard
(i.e., calcium carbonate for TIC or glucose for TOC).

The QC for the methods involves calibration blanks, system calibration standards, sample
duplicates, and one matrix spike per matrix type.

Calibration Standards: The QC system calibration standards for the 12/09/99 and 12/10/99
analysis runs were all within acceptance criteria, with the average recoveries being 100.2% and
101.1% for TIC and 99.7% and 100.5% for TOC, respectively.

Calibration Blanks: The six calibration blanks run at the beginning and end of the analysis runs
were acceptable. The standard deviation calculated from the calibration blanks is less than the
estimated method detection limit for both TIC and TOC.

Duplicates: The relative percent differences (RPD) between liquid replicates and the Wash
Composite duplicates (00-0074) are within the acceptance criteria of 20%. The RPD for the
Washed Solids (00-0083) TIC was above the acceptance criteria. The Washed Solids were
analyzed in duplicate twice, with both sets of analyses providing a poor RPD. The TIC
concentration for the Washed Solids is quite high, requiring very small sample sizes to be used.
The poor reproducibility is most likely due to heterogeneity of the Washed Solids sample combined
with the small sample sizes used.

Matrix Spike: The accuracy of the carbon measurements can be estimated by the recovery results
from the matrix spike. No matrix spike was prepared for the liquid samples from this ASR.
However, a liquid matrix spike prepared from a sample from other ASRs and run in the same batch
demonstrated recoveries of 101% for TIC and 97% for TOC, well within the 75% to 125% recovery
acceptance criteria. The matrix spike for the solids sample run (i.e., 00-0083, Washed Solids MS)
recovered at 80.1% for TIC and 89.2% for TOC. The recoveries are within the acceptance criteria
of 75% to 125%. The poorer than normal spike recoveries are most likely attributed to the poor
RPDs and sample heterogeneity.

ASR 5536 Hallen.doc Page 2 of 3



Battelle PNNL/RPG/Inorganic Analysis --- TOC/TIC Report

General Comments:

e The reported "Final Results" have been corrected for all dilution performed on the sample
during processing or analysis.

¢ Routine precision and bias are typically +15% or better for non-complex samples that are free of
interferences.

o The estimated quantitation limit (EQL) is defined as 5 times the MDL. Results less than 5 times
the MDL have higher uncertainties, and RPDs are not calculated for any results less than 5 times
the MDL.

e Some results may be reported as less than (“<”) values. These less than values represent the
sample MDL (method detection limit), which is the system MDL adjusted for the volume of
sample used for the analysis. The system MDL is based on the attached pooled historical blank
data. The evaluation and calculation of the system MDL is included in the data package.

Report Prepared by: 777;72}/4“_- Date /—/2-00
Review/Approval by: ‘?}ngjwl - Date /3 /2

Archive Information:

Files: ASR 5536 Hallen.doc ASR 5478 5536 5571 Liq+Solids.xls
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TI-052 Page 1

TI-052, actual test conditions for An-107 DF Sr/TRU removal and CUF tests

Calculated Mass Dilution Factor
Weight of starting AN-107 DF 1845.44 grams
Density from Paul Bredt 1.32 g/mL
Total volume of treated AN-107D  1398.06 mL

3.5185M NaOH added 296.548 grams

Density of NaOH 1.12261 g/mL
Volume of NaOH added 264.16 mL
1.1607
1.0M Sr added 165.367 grams
Density of Sr 1.15852 g/mL
Volume of Sr added 142.74 mL
1.0M MnO4 added 105.558 grams
Density of MnO4r 1.09432 g/mL
Volume of MnO4 added 96.46 mL
1.3075 samples DF-01 to 04 total mass total volume
Density of resulting slurry 1.2975 g/mL 2412911 1859.6617
Density of CUF Filtrate 1.2855 g/mL sample DF-11

Waste was further dilute, approximately 25% and rerun through the CUF

grams CUF slurry, 837.58 grams
grams filtrate, 1189.89 grams
plus DF-07,08,09,10 85 grams

2112.47 grams

diluted with 406.51 grams of first CUF was  1.1924 use value of 1.19

AN-107DF Sr TRU removal-decontamination calculations 2/23/00



reagent addition

Page 1

Calculated
volume  [Na] moles of N new volum new [Na] [Sr] [MnO4]  [HO-]
initial waste 1.4 7.5 10.5 0.7
water 0.2156 0 0 1.6156 6.499133
19M NaOH 0.049 19 0.931 1.6646 6.867115
1M Sr 0.1428 0 0 1.8074 6.324555
1M MnO4 0.0966 1 0.0966 1.904 6.054412 0.075 0.050735 1.003676
Actual:
volume  [Na] moles of N new volum new [Na] [Sr] [MnO4]  [HO-]
initial waste  1.398059 8 11.184473 0.7
water 0 0 0 1.3980%59 8
3.51MNaOH 0.26416 3.5185 0.929447 1.662219 7.2878
1M Sr 0.14274 0 0 1.804959 6.711465
1M MnO4 0.09646 1.001 0.0965565 1.901419 6.42177 0.074995 0.050781 1.003508
Total volume of treated AN-107DF  1398.0591 mL
3.5185M NaOH added 296.548 grams
Density of NaOH 1.1226075 g/mL
Volume of NaOH added 264.16 mL
1.160692
1.0M Sr added 165.367 grams
Density of Sr 1.158519 g/mL
Volume of Sr added 142,74 mL
1.0M MnO4 added 105.558 grams
Density of MnO4r 1.0943189 g/mL
Volume of MnO4 added 96.46 mL
1.3075 samples DF-01 to 04

Density of resulting slurry 1.2975 g/mL
Density of CUF Filtrate 1.2855 g/mL sample DF-11
Waste was further dilute, approximately 25% and rerun through the CUF
grams CUF slurry, 837.58 grams
grams filtrate, 1189.89 grams
plus DF-07,08,09,10 85 grams

2112.47 grams
diluted with 406.51 grams of first CUF was 1.192434 use value of 1.19

AN-107DF Sr TRU removal-decontamination calculations 2/23/00
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Fluoride
Chloride
Nitrite (3)
Bromide (3)
Nitrate
Phosphate
Sulfate
Oxalate (3)

Nitrite (3)
Bromide (3)
Nitrate

4655.393
976.9118
37415.28

118005.9
2093.382
5695.125
2544232
37415.28

118005.9

IC-anions Page 1
Percent Removed
mass diluti DF-20 DF-21 average DF-20 DF-21 average
1.555926 2000 <2000 <2000 Fluoride >33% >33% <2000
1.555926 <2000 <2000 <2000 Chioride <2000
1.555926 21800 21600 21700 Nitrite (3) 9.34% 10.18% 21700
Bromide (3)
1.555926 86700 88100 87400 Nitrate -14.32% -16.16% 87400
1.555926 <4000 <4000 <4000 Phosphate <4000
1.555926 <4000 <4000 <4000 Sulfate <4000
1.555926 <4000 <4000 <4000 Oxalate (3) <4000

Corrected for addition of Sr(NO3)2

1.555926 21800 21600 21700 Nitrite (3) 9.34% 10.18% 21700
Bromide (3) .
1.555926 86700 88100 87400 Nitrate -6.01% -7.86% 87400

AN-107DF Sr TRU removal-decontamination calculations

2/23/00
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APPENDIX E: STAFF AND ROLE/RESPONSIBILITY

E.l



Staff Member Role/Responsibility
Richard Hallen Scientist/Technical Leader - Sr/TRU Precipitation
Paul Bredt Scientist/Physical and Rheological Properties

Kriston Brooks

Engineer/CUF System and Solids Removal

Lynette Jagoda Engineer/CUF System Cleaning

Don Rinehart Technician/Hot Cell Tests-Sr/TRU PPT/CUF Operation
Ralph Lettau Technician/Hot Cell Tests-Sr/TRU PPT/CUF Operation
Dave Ortiz Technician/Hot Cell CUF Operation and Cleaning
Vaughn Hoopes Technician/Hot Cell CUF cleaning and sample prep.
Mike Mann Technician/Hot Cell Filtrate Composite

Mac Zumhoff Technician/Hot Cell Operations
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